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WHEN an impulse travels along a nerve it is at- 
tended by a quick rise of negative electrical potential, 
followed by a quick fall. The duration of this “spike 
potential” includes the absolutely refractory and the 
relatively refractory periods of nerve function. The 
fall is not immediately to zero, but is checked by a 
slower, negative after-potential. And that in turn 
is followed by a longer, positive after-potential. 
The changes are more rapid in fibers of large diam- 
féler than in small fibers; the spike lasts only 0.4 
msec. in the fastest fibers (e.g., those supplying 
skeletal museles) and thereupon the nerve can be 


‘The annual Alpha Omega Alpha address, given on 
October 13, 1939, at the celebration of the fiftieth anni- 
versary of the founding of the Medical School of the 
hiversity of Minnesota. 
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stimulated again.2 As elsewhere in the body, such 
electrical phenomena are signs of physicochemical or 
chemical processes which accompany functional activ- 
ity. In nerve there must be to a large extent a res- 
toration of the resting state, when an impulse has 
passed, before another impulse can traverse the same 
course. Associated with the electrical phenomena of 
nervous activity is a use of oxygen, an output of car- 
bon dioxide and a display of heat. Since a nerve soon 
ceases to transmit impulses in the absence of oxygen, 
it is reasonable to assume that the increased metab- 
olism, demonstrable when a nerve functions, indicates 


that chemical work is involved. According to evi- 


2H. 8. Gasser, Harvey Lectures (Baltimore), 32: 169— 
174, 1937. 
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dence furnished by Schmitt and Gasser,’ the negative 
after-potential depends on active oxidation. It is de- 
pressed by asphyxia, and after asphyxia it is much 
augmented by conditions which favor oxidation. And 
when this potential is augmented the rate of recovery 
is hastened. It is highly probable, therefore, that 
even in the subsidence of the spike potential—for in 
fibers of fast conduction the negative wave “is first 
seen at its maximal value”*—an oxidative restorative 
process occurs, essential for returning to the nerve 
the ability to act again. 

The electrical theory. The spike potential, sweep- 
ing along a nerve which has been effectively stimulated, 
causes an electric current to run, in a conductor exter- 
nal to the nerve, from inactive points to the active 
region, the “action current.” It is assumed that a 
polarized state exists in the surface membrane of each 
nerve fiber (the outer charges positive) ; that a stimu- 
lus decreases or abolishes the potential difference 
across the membrane at a node of Ranvier, thus mak- 
ing it permeable and depolarizing it; and that there- 
upon adjacent nodes of the fiber discharge through 
the node already discharged so that new nodes in turn 
become permeable, depolarized and activated, and 
cause next proximal nodes to do the same. That the 
circulating local currents resulting from this traveling 
negative electrical wave can cause stimulation of suc- 
cessive portions of a nerve has been proved by Hodg- 
kin,> who has demonstrated that, when an impulse 
reaches a region blocked by cold or compression, the 
local currents extend beyond the block and set up 
there a change of potential with an accompanying 
change of excitability. Blair and Erlanger® have 
brought supporting evidence by showing that an ac- 
tion current will pass an inert polarized region of the 
nerve and stimulate the responsive segment beyond. 
According to the traditional theory of transmission of 
influence from neurones to other neurones (as in a 
sympathetic ganglion) or from neurones to the eells 
of an effector organ (a muscle or gland), that is the 
sort of process which occurs—it is supposed that the 
local circuits reach beyond the limits of the active 
nerve and excite, electrically, the next element in the 
series. 

At the synapse between neurones and effectors 
there is evidence of a protoplasmic discontinuity. As 
Bronk and Brink’ and also Forbes* have pointed out, 
this introduces a physical condition not found in 


3F. O. Schmitt and H. 8. Gasser, Am. Jour. Physiol., 
104: 320, 1933. 

4H. 8. Gasser, loc. cit. 

5A. L. Hodgkin, Jour. Physiol., 90: 193, 211, 1937. 

6, A. Blair and J. Erlanger, Am. Jour. Physiol., 126: 
97, 1939. 

7D. W. Bronk and F. Brink, Ann. Rev. Physiol., 1: 398, 


1939. 
8 A, Forbes, Jour. Neurophysiol., 2: 465, 1939. 
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Hodgkin’s experiments. As Forbes has rem), 
“The structural and presumably the electrica] 
tions are quite different in an unbroken but inag; 
axon from those at the synapse. Here, at the ter 
mination of the neurone, histology seems to reveg] 
transverse membrane, which may well act as a gh 
circuit to the action potential. . . . If the membry, 
theory of nerve conduction holds good, there jg yo 
reason to expect such a short-cireuiting effect a} 4, 
termination of the axon.” Furthermore, Rosenb}y 
and I*1° have shown that smooth musele—that of 4, 
nictitating membrane—though readily responsive t) 
single nerve volley, is, after being deprived of ix 
nerves, quite unresponsive to a single electric sho 
Similarly, the celis of a gland (the adrenal medullyy 
our tests), easily activated by impulses delivered jy 
their nerve supply, are, after denervation, affected 
only a very slight degree, even when electric sho 
are applied so powerful and prolonged as to injure { 
tissue. Obviously, there are synapses at which th 
possibility of stimulation by the action curr 
appears to be highly improbable. 

The chemical theory. In recent years evidence his 
accumulated that when an impulse arrives at a ner 
ending it sets free a chemical substance—adrenaline 
sympathetic synapses, acetylcholine at parasymp. 
thetic synapses and at synapses in motor end pale 
and in sympathetic ganglia—and that these substances 
rouse in the next distal element its typical reactio- 
secretion, contraction, relaxation or nervous cond 
tion. Two theories of synaptic transmission hay 
been proposed—the traditional electrical theory aul 
the newer chemical theory. Each theory has its « 
dent advocates, and a vigorous controversy prevail 
between them. For purposes of the present discw 
sion these advocates may be called the “electrago:- 
ists” and the “chemagonists”’—“agonist” meanitf 
contestant or combatant! 

There is agreement of the agonists on certain poinls 
In order to simplify the consideration of these points 
and also the points of difference, I propose to limi 
the present discussion to synapses in which there} 
evidence that acetylcholine is involved. The liberatio 
of this substance at parasympathetie synapses an¢ # 
the synapses of sympathetie ganglia and motor eal 
plates, on the arrival of nerve impulses, is frankly 
admitted by the electragonists. They also admit thi 
tissues where acetylcholine appears contain a choline 
sterase which quickly destroys that highly unstable 
combination of choline and acetic acid. They adull 
further, that acetylcholine, when perfused in ve! 
minute amounts through organs in which it is d* 














































9 A. Rosenblueth and W. B. Cannon, Am. Jour. Physioly 
108: 384, 1934. . 

10 W. B. Cannon and A. Rosenblueth, Am. Jour. Physiol, 
119: 221, 1937a; C. r. Soc. de Biol., 124: 1262, 1937. 
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urged by nerve impulses, will influence these organs 
do the impulses themselves. They admit, likewise, 
, when present in excess acetylcholine has not a 
nulating but a paralyzing action. And, finally, 
»y admit that the acetylcholine naturally set free at 
asympathetie endings in slowly reacting structures 
,g., in the heart, smooth musele and glands—is the 
nt which affects these structures. The main differ- 
e now concerns the role of this mediator in the 
msmission of influence from nerves to skeletal 
sscle cells and from nerves to nerve cells at gang- 
nie synapses. Electrical stimulation will, indeed, 
cite both muscle cells and nerve cells; and therefore 
» action current, if it reaches with effective intensity 
vond the junetions, would act as a stimulus. But, 
that is the mode of transmission, why the discharge 
acetylcholine by the nerve impulse? This is where 
ries begin to conflict. 

In evaluating two antagonistic theories, nothing is 
be gained by a recital of the phenomena which both 
explain. Deeper insight into the processes con- 
ned in the theories is likely to result from a survey 
the phenomena which only one, or neither, can 
ount for. On that basis we may proceed to com- 
ure the two theories—electrical and chemical—as 
planations of observed facts. 

A comparison of the electrical and the chemical 
eores. First, the analogy between evidence for 
hemical mediation in the slowly responsive heart 
nd evidence for it in rapidly responsive striate muscle 
nd sympathetic ganglia. In all three structures a 
erfusate obtained while they are not stimulated con- 
ins no demonstrable acetylcholine. In all three, 
erve-stimulation eauses the appearance of acetyl- 
holine, though eserine may have to be used to prevent 
s sudden destruction by cholinesterase. In all three, 
erfusion with acetylcholine induees the typical effects 
nerve impulses—inhibition of the heart beat, con- 
action of skeletal musele and discharge of ganglion 
lls. And in all three the effect of acetylcholine can 
¢ blocked by drugs, without preventing its liberation 
t nerve endings—in the heart by atropine, in striate 
luscle by eurare and in the ganglion by nicotine. 
ynder these conditions, with nerve impulses delivered 
) the tips of the active nerve fibers, as shown by the 
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tutMescharge of acetylcholine there, and with the re- 
Tine EPent elements still sensitive to electrical stimula- 
table”, the action eurrent is without influence. 

Imi The practieal identity of evidence for chemical 


lediation in the three regions raises pertinent ques- 


very i. 
tons. If the action eurrent is the true transjunctional 


dis 

Z imulus, what is the use of acetylcholine, regularly 
Oly produced during stimulation? How is the efficacy of 
iol, Ze NUte amounts of acetylcholine, as a stimulus to 
. BBe2nglion cells and musele fibers, to be accounted for? 


Why should there be a concentration of cholinesterase 
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in sympathetic ganglia and at the motor end plate 
(cf. Marnay and Nachmansohn, 1937;11 Feng and 
Ting, 1938712 The electragonists surely face diffi- 
culties in answering these questions, difficulties not 
encountered in the chemical explanation. The ortho- 
dox electragonists, moreover, are inconsistent; they 
agree that acetylcholine is a deputy of nerve impulses 
at vago-cardiac synapses, but deny it that function 
for neuromyal synapses. Furthermore, they confront 
a dilemma—on the one hand, agreement that acetyl- 
choline is a chemical mediator of nerve impulses, and 
on the other, admission that the wide-spread arrange- 
ments for its routine production and prompt destruc- 
tion at synapses, where it can stimulate, are merely 
a false and futile show. In attempted avoidance of 
this dilemma hypothetical suggestions of imaginary 
functions have been offered, e.g., that acetylcholine 
may serve to increase excitability at synapses, or to 
delay the onset of fatigue, or to dilate blood vessels 
locally, or to exert vague “trophic influences.”1* Per- 
haps it “may”; but it can demonstrably do things to 
muscle cells and to sympathetic neurones; it can excite 
in them their peculiar functions. Confessedly, the 
argument implied in emphasizing the presence and 
capacity for action of acetylcholine at synapses is 
based on the reasonableness of means being adapted 
to ends. In biology, however, that argument is so 
generally valid as to be, in special cases, quite respect- 
able. 

The electragonists have set up what they regard as 
a serious obstacle to the chemical theory in stressing 
the brevity of the latent period of the postsynaptic 
elements before action occurs. In supporting this 
criticism Fulton'* has expressed the judgment that 
“synaptic transmission is probably brought about 
direetly by the action currents of the axon terminal 
rather than by a specific humoral agent such as acetyl- 
choline,” which, in his opinion, “appears to be a by- 
product of nerve metabolism.” It is true that the 
synaptic events are very brief. In the neurones of 
the superior cervical ganglion the latent period of the 
most rapid responses ranges from 2 to 4 msee.,’° and 
in the fibers of some skeletal muscles it can be shorter, 
1 to 2 msee. (Eccles, footnote 13). If acetylcholine is 
the transmitter it must flash forth and excite in that 
brief time; and since a single nerve volley induces a 
single response the acetylcholine must be quickly 
rendered ineffective during the refractory phase of 
the responding elements (which lasts in neurones and 
muscle fibers about as long as the latent period) be- 

11 A, Marnay and D. Nachmansohn, C. r. Soc. de Biol., 
125: 41, 1937. 

12T, P. Feng and Y. C. Ting, Chinese Jour. Physiol., 
13: 141, 1938. 

13 J. C. Eecles, Physiol. Rev., 17: 538, 1937. 

14 J, F. Fulton, ‘‘ Physiology of the Nervous System.’’ 


New York, 1938. 
15 G, L. Brown, Physiol. Rev., 17: 485, 1937. 
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fore another nerve volley can act again. The time 
is too short, the electragonists assert, for these 
chemical changes to occur. It is pertinent to point 
out that this is an assumption. Too little is known of 
the speed of chemical processes at synapses to justify 
categorical limitations. Furthermore, the electragon- 
ists neglect the fact that the nerve fiber itself, when it 
transmits an impulse, must recover before it ean trans- 
mit another. Evidence indicates, as we have noted, 
that this recovery is an oxidative chemical process, 
and in fast mammalian fibers it lasts less than 1.0 
msec., 7.¢., it may be much more rapid than the trans- 
mission at ganglionic and muscular synapses, which 
the electragonists assume to be too rapid to be chemi- 
eal. Until they can offer better evidence for their 
assumption they have a frail basis for belittling the 
speed of intimate molecular changes. 

The argument that the delay at synapses is too short 
for the processes required by the chemical theory can 
be turned against the electragonists. When an electric 
current is applied to a nerve, the interval between the 
instant of shock and the discharge of the nerve im- 
pulses ranges between 0.2 and 0.4 msec. The delay 


between the arrival of the impulse at the superior 
cervical sympathetic ganglion and the discharge of 
the ganglion cells is at least 5 times as long as that for 
the quickest cells and at least 11 times as long for 


the next quickest.1° If a weak electric current can 
activate the nerve fibers almost instantly, and the elec- 
tric action current activates the ganglionic neurones, 
as the electragonists argue, why this protracted latent 
period? The relatively long delay in the ganglion is 
matched by a similar delay in the motor end plate. 
Here the electragonists have a real problem. The 
chemagonists, on the other hand, can readily account 
for the extra time as due to the requirements of an 
interposed chemical] mediation. 

At this point may be mentioned an attempt to bring 
electrical events in the ganglion into relation to elec- 
trical events in the nerve trunk. As shown by Gasser 
and Erlanger’? and Graham and Gasser,!* nerves have 
a heightened electrical excitability during the nega- 
tive after-potential and a decreased excitability dur- 
ing the subsequent positive after-potential. These two 
phases, negative and positive, following the spike 
potential, can also be recorded from the ganglion after 
it has been stimulated; and Eecles’® has claimed that 
submaximal volleys of nerve impulses delivered to the 
ganglion during its negative after-potential evoke 


16 J, C. Eccles, Jour. Physiol., 85: 179, 1935. 
17 H. 8. Gasser and J. Erlanger, Am. Jour. Physiol., 94: 


247, 1930. 
18 H. T. Graham and H. 8. Gasser, Proc. Soc. Exp. Biol. 


Med., 32: 553, 1934. 
19 J. C. Eecles, Jour. Physiol., 85: 464, 1935; 88: 1, 


1936. 
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smaller spikes than the original. These obsery,;: 
if confirmed, might bring support to the electri 
theory. In the present discussion a detailed YeViey 
the evidence and arguments against Eccles’s ¢),, 
tions is impossible. Suffice it to remark that Ry. 
blueth and Simeone”? have recorded variations of y 
spike potentials of the ganglion, responding to np» 
mal and submaximal stimulation, that were prejy 
opposite to what the inferences of Eccles woulj , 
dict—maximal spikes when the ganglion was my; 
ally positive, and noteworthy decrease of the six 
at the peak of the negative phase. Furthermore, j 
noted that by altering conditions the synaptie ju 
could be shortened to less than 1 msee. or inery 
to twice its usual length. Because of the lack of 
relation between after-potentials and the respons 
ness of the ganglion cells and also because of the lay 
variations in synaptic delay, as well as for other » 
sons, Rosenblueth and Simeone concluded that { 
electrical theory, instead of being in agreement yj 
observed facts, is definitely opposed by them, 

Evidence for the chemical theory from experime 
with curare. The action of curare confronts the ¢ 
tragonists with a perplexing question. As is w 
known, this drug is capable of paralyzing museles| 
interrupting the nervous influence at the nem 
muscular junctions. It does not, however, prevent 
discharge of acetylcholine at the nerve endings; } 
nervous action currents, therefore, run their f 
course. And with small doses of curare the inher 
irritability of the paralyzed muscle is not altered 
Yet the muscle does not respond to the nerve impilx 
The paralyzing effect of curare at the motor end pli 
offers no difficulty for the chemical theory. Wh 
curare does is to reduce the sensitiveness of thes 
sponsive element in the plate. In studies on denervait 
skeletal muscle Rosenblueth and Luco?? demonstrat 
that even with doses too small to stop action of 
respiratory muscles curare markedly lessens the «i 
tractions resulting from uniform injections of ace} 
choline. And the same phenomenon is seen in Wi 
mally innervated skeletal muscle.2* In short, cur 
acts as if it raised the threshold to acetylcholine. 1% 
the normal amount of the mediator which is reles 
by the nerve impulse is incapable of causing & 
muscle to contract. Thus, while a eurare paraljs 
displays a phenomenon hard for the electragonists' 
explain, it forms a part of the factual support ‘* 
chemical transmission. 

20 A. Rosenblueth and F. A. Simeone, Am. Jour. Physi’ 
122: 688, 1938. 

21 H. Grundfest, Jour. Physiol., 76: 95, 1932. 

22A. Rosenblueth and J. V. Luco, Am. Jour. Physith 
120: 781, 1937. , 


23G, L. Brown, H. H. Dale and W. Feldberg, J 
Physiol., 87: 394, 1936. 
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Recent studies on curarized end plates present the 
Jectragonists another hard problem to solve. In 
xperiments performed by Luco and Rosenblueth** 
vo symmetrical muscles (e.g., the soleus of each side) 
vere arranged to record simultaneously. After a 
paralyzing dose of curare had been injected the motor 
verve of one of the muscles was stimulated continu- 
yusly at the rate of 60 shocks per sec. When the 
ontrol muscle was periodically tested through its 
























'S Matyilyerve, and by its response proved that complete recov- 
the spik ry from curarization had occurred, the continuously 
Ore, tMllctimulated muscle was usually not contracting at all. 
ptic dduiiiiny given a brief rest and then again subjected to the 
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stimulation, it contracted momentarily and thereupon 
promptly became inert; i.e., it manifested extreme 
fatigue. Clearly, this was not a fatigue of the muscle, 
for the curare throughout the whole period of stimula- 
ion had protected the muscle from being forced into 
activity. And it was not a fatigue of the nerve, for 
hat remarkable structure can carry impulses at the 
ate of 60 per see. during an indefinitely long time. 
Furthermore, records of the spike potentials proved 
that the nerve impulses might be full-sized when they 
were having no effect. The fatigue occurred at the 
point of transmission. Even if curare should some- 
how block the nerve action current, the electragonists 
would have trouble solving this riddle, because the 
eurare block disappeared while the continuous stimula- 
tion of the nerve was evoking no muscular contraction. 
In other words, at a time when both the electrical 
excitability of the muscle and the spike potentials of 
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PUSS the nerve were quite normal, the nerve impulses failed 
1d pli to stimulate. Before this situation the electrical theory 

“fe breaks down. The chemical theory, on the other hand, 
the MMB has no trouble in explaining it. Prolonged rapid 
Crviiie stimulation results, after an initial large outburst of 
tral acetylcholine, in a gradually reduced discharge until 
¥ the concentration falls below the effective range.?° 
e cl 





In these cireumstances, according to the chemical 
theory, a muscular response would not oceur. And 
it does not. 

Evidence from experiments with eserine. In order 
to introduce another important series of facts sup- 
porting the theory of chemical transmission at mus- 
cular and ganglionic synapses, I wish to present evi- 
dence regarding the action of eserine. (That term 
will be used as equivalent to physostigmine and pro- 
stigmin). It will be recalled that eserine is able to 
protect acetyleholine against destruction by a cholin- 
esterase. It will be recalled, also, that if acetylcholine 
iS present in excess it is not a stimulating agent but a 
depressant. 

As Rosenblueth and Morison? demonstrated, eserine 


*4 J. V. Lueo and A. Rosenblueth, Am. Jour. Physiol., 
126: 58, 1939, 
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has quite opposite effects on two symmetrical muscles, 
one recording responses to slowly repeated nerve im- 
pulses, the other responding to similar but rapid stimu- 
lation. A small intravenous injection of eserine causes 
the less frequently stimulated muscle to contract more . 
strongly, and simultaneously it causes the correspond- 
ing, more frequently stimulated muscle to contract less 
strongly. This very striking difference of effect is not 
due to altered action currents, for the intensity of the 
nerve spike potential is not affected by eserine. Eccles 
(Ergebn. d. Physiol., 38: 339, 1936) has suggested that 
eserine exerts its influence by increasing the sensitive- 
ness of the responding structures. Obviously that sug- 
gestion does not apply to the depressant effect on the 
rapidly stimulated muscle. That effect has its explana- 
tion in the change produced in the functioning of such 
a muscle when acetylcholine is injected so that it is 
present in excess; the contractions are depressed as 
they are depressed by eserine. The action of eserine, 
therefore, ean reasonably be accounted for, in these 
circumstances, by its shielding of the acetylcholine as 
it is set free by the nerve impulses, against attack by 
cholinesterase. Since the impulses are quickly recur- 
ring, the time for destruction is abbreviated, and with 
protective eserine at hand, the acetylcholine accumu- 
lates until it reaches a concentration which paralyzes 
some of the end plates. Thus would the chemagonists 
clear up the phenomenon. 

But how account for the opposite effect in the slowly 
stimulated-muscle? That, again, finds an explanation 
in the shielding of acetylcholine by eserine. Under 
normal conditions a single volley of nerve impulses 
evokes a single response in a muscle, as registered by 
the spike potential of the muscle fibers. If eserine is 
administered, however, a single volley from the nerve 
induces a repetitive response and hence a greater mus- 
cular shortening. As Brown, Dale and Feldberg?’ 
have pointed out, this sort of response to single volleys 
after eserine may reasonably be attributed to the 
persistence of the acetylcholine released by the motor 
impulse at the neuromuscular junctions. 

The only difficulty which the chemagonists meet in 
clarifying the remarkably opposed effects of eserine 
on slowly and on rapidly stimulated muscles is that 
of understanding why these effects are prolonged. It 
is known that potassium ions are liberated simul- 
taneously with acetylcholine, and they, as persistent 
agents, may play a role not yet evident. Whatever 
may be the final chapter of this story it is clear now 
that the results of injecting eserine are such as to 





25G. L. Brown and W. Feldberg, Jour. Physiol., 88: 
265, 1936. 

26 A. Rosenblueth and R. S. Morison, Am. Jour. Physiol., 
119: 236, 1937. 

27 Loe. cit. 
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place still unsurmounted obstacles in the path of the 
electragonists, while presenting the chemagonists addi- 
tional support for their views. 

Evidence for the chemical theory from experiments 
with different rates and periods of stimulation. Thus 
far the discussion has been concerned mainly with 
transmission at neuromuscular synapses. Many years 
ago Elliott?® called attention to striking resemblances 
between characteristics of motor end plates and of cell 
bodies in sympathetic ganglia. For example, nicotine 
in small doses stimulates at both places, and in larger 
doses it paralyzes both; curare blocks transmission to 
skeletal muscle, and in greater concentration it has a 
similar influence in the ganglion; and, whereas the 
postganglionic axons can not replace motor fibers, the 
preganglionic axons, effective on the ganglionic cells, 
can be cross-sutured and will grow out and make good 
functional union with striated muscle cells. To these 
resemblances we can now add the following: acetyl- 
choline in small doses excites at both synapses; and 
when present in excess acetylcholine, like nicotine, has 
a depressant or paralyzing influence. We have learned 
recently that there are still other remarkable similari- 
ties between these two transmission points. It will be 
convenient, therefore, to consider them together. 

As shown by Rosenblueth and Morison,?® if a muscle 
is stimulated through its nerve at a rapid rate—e.g., 
240 shocks per sec.—the muscle first shortens in a 
sharp strong contraction, then changes promptly to a 
low contraction or fails to contract at all, and there- 
upon it shortens in a strong contraction again. Thus 
with recurring impulses of a constant high frequency 
the muscular response manifests three distinct stages— 
a sequence of plus, minus, plus. Now if the stimula- 
tion is continued the muscle enters a well-known fourth 
stage, that of lessened efficiency or fatigue. If the 
stimulation is at a slow rate from the start, stages 2 
and 3 drop out; then stage 1 merges directly with 
stage 4. Curiously enough, as revealed in the experi- 
ments of Rosenblueth and Luco,*° continuance of the 
stimulation at a slow fatiguing rate (60 per sec.) 
causes the muscle to enter gradually a fifth stage in 
which its performance progressively improves; the 
contractions increase in strength—displaying a tension 
as great as 60 per cent. of the highest tension devel- 
oped at the beginning—and this betterment may last 
for several hours. 

By use of the nictitating membrane of the cat as an 
indicator of the discharge from the superior cervical 
sympathetic ganglion the effect of stimulation of pre- 
ganglionic fibers on the ganglion cells ean be examined. 


28 T, R. Elliott, Jour. Physiol., 35: 367, 1907. 
29 Loc. cit. 

30 Loc. cit. 

81 See footnote 10. 
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In experiments which Rosenblueth and I** perfor 
we were able to duplicate, with rapidly repesi, 
stimuli, the first four stages—plus, minus, }| 
minus—seen in skeletal muscle. The only differeng 
was a preliminary dose of eserine in experiments », 
the ganglion. And a few months ago Lanari®? 4) 
Rosenblueth succeeded in recording in the ganglion 
performance the fifth stage, that of partial recovery 
of the original efficiency, if only the fatiguing stiny, 
lation is patiently continued. 

Here is a challenging sequence of events. Why ( 
muscle cells and ganglion cells, when continuously 
stimulated, respond well at first, then poorly; wel 
again, then poorly again; and finally well for a lo 
period? As proved by Rosenblueth and Luco,°* why 
took records of the nerve action potentials periodically 
during four or five hours of stimulation, there may l. 
a slow diminution in the height of the spikes or ther 
may be no diminution, but in no ease is there any 
correlation between the electrical phenomena of the 
nerve and the various stages of muscular activity, 
These conditions at motor end plates and at ganglionic 
synapses—and with normal blood supply, let it bk 
noted—diseclose a puzzle which the philosophy of the 
electragonists has not dreamed of. What clue to its 
solution can the chemagonists present? 

As previously remarked, when a nerve is continv- 
ously stimulated there is at first a flush discharge of 
acetylcholine at the nerve endings, and then the dis 
charge gradually diminishes. Now if the stimuli ar J 
repeated at very high frequency time will be lacking 
for destruction of the relatively abundant acetylcholine 
by cholinesterase; thereby the initial great outburst 
becomes accentuated and the acetylcholine accumulates 
until it is present in a paralyzing concentration. Thus, 
the primary contraction of the muscle (stage 1) is 
quickly followed by less contraction or an actual fai: 
ure to contract (stage 2). In the ganglion a small dose 
of eserine, protective against the destructive cholir- 
esterase, allows the acetylcholine to act in the same 
manner, so that it has the same paralyzing effect. As 
the primary outburst quickly subsides, the depressatt 
concentration of acetylcholine ebbs away, to be re 
placed by an optimal lower concentration which is 
highly stimulative; hence the rise of the muscular 
tension into stage 3. That this is the correct explana J 
tion is proved by the injection of a small amount of 
acetylcholine during stage 2, whereupon the depressed 
condition is prolonged; or during stages 1 or 3, where- 
upon, not stimulation, but, instead, depression is i0- 
duced. The fourth stage, the stage of fatigue, can be 
explained by so great a reduction in the output of 

32 A, Lanari and A. Rosenblueth, Am. Jour. Physiol, 


127: 347, 1939. 
33 Loc. cit. 
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gectylcholine that it fails to stimulate some of the 
ells; hence the lessened degree of response—.e., the 
appearance of “fatigue.” That this interpretation is 
correct 1S proved by injecting at this stage the same 
dose of acetylcholine as that which caused depression 
in stages 1 and 3 and finding that it now causes an 
improvement of the response. This, of course, is 
strictly in accord with the theory of chemical trans- 
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The astonishing recovery of function in the fifth 
Why stage has been investigated by Rosenblueth, Liss4k and 
inuously Lanari.** They have assayed the acetylcholine content 


of nerves, quickly frozen in situ by carbon-dioxide 


ly: 
a ie snow, or instantly excised and dropped into liquid air 
433 who (in order to prevent any change), after continuous, 
odieally rapid stimulation for various lengths of time. They 
may be a found a progressive decrease in the content during 
or there the first ten minutes—a decrease which turned to an 
re any increase When there was a brief period of rest. In 
of the the fifth stage the concentration of acetylcholine had 
tivity, gradually inereased over that in the fourth stage. If, 
iglionie now, it is assumed that depolarization of the surface 
; it be membrane of the nerve fibers is attended by a greater 
of the Maa permeability for the acetylcholine contained within 
to its them, the output per impulse would vary directly with 
the concentration. In the fifth stage, when the fibers 
ntinu. have more acetylcholine, they give forth more, and the 
rge of result is a larger response. This is the view presented 
e dis. by Rosenblueth, Liss4k and Lanari. It is substantially 
li are based on the agreement between the evidence of acetyl- 
icking Me Choline liberation from nerves at the different stages 
holine of stimulation and the evidence of concentration of 

burst acetylcholine in nerve fibers. 
nilates I have deseribed a group of events in the transmis- 
Thus, sion of nerve impulses from neurone to neurone and 
1) is from neurone to musele cell. I can find no adequate 
fail. explanation for these perplexing events in terms of 


dose the electrical theory. On the contrary, I can see that 
supporters of the theory of chemical transmission 


olin- 

came need only use demonstrated facts in order to give a 
As reasonable answer to the whole intricate riddle. 

sant Evidence for the chemical theory from degenerating 

i. nerves and muscles. The main assumption in the fore- 

h is going account of the five stages of transmission at 


ular peripheral synapses was that the output of acetyl- 


una- choline per nerve impulse would vary with its concen- 


+ of tration in the nerve fiber. The recent research by 
sed Rosenblueth, Lissék and Lanari, loc. cit.,5* already 
ere- noted, has furnished evidence that when a nerve has 
‘i. been cut and is undergoing degeneration there is a 
be gradual reduetion of the acetylcholine content after 


of the first twenty-four hours. A highly significant fact 


al is that during these first twenty-four hours no func- 


ae ~ Rosenblueth, K. Lissik and A. Lanari, Am. Jour. 
vysiol, 


In press. 
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tional change is observable. As the concentration of 
acetylcholine diminishes in the second twenty-four 
hours, however, the possibility of evoking stage 5 is 
regularly lost, and stages 2 and 3 may largely disap- 
pear or be wholly absent. At the same time the nerve 
spike potentials are of normal intensity. The results 
are quite in accord with the assumption mentioned 
above, for, as will be recalled, tests revealed that stages 
2 and 3 were due to an excess of acetylcholine and stage 
5 to an improved production of it. In the degenerative 
process, with the acetylcholine of the nerve gradually 
becoming less, these periods of excessive production 
fade out and as they do so the attendant variations 
of activity likewise fade out. And, as might have 
been anticipated, the fourth stage, that of fatigue, 
becomes unduly emphasized—the transmission from 
degenerating nerves “fatigues” much sooner than nor- 
mally. Now the further important fact emerges that 
while nerves in the late steps of degeneration ean still 
conduct, as revealed by a definite, though reduced, 
spike potential, they may not stimulate across the 
synapse. All these observations harmonize perfectly 
with the chemical theory of transmission and find no 
illumination whatever in the electrical theory. 

Perhaps no further testimony is needed to justify 
the claims of the chemagonists. There is one other 
observation, however, which is demonstrative and well 
worth presenting. As is now generally recognized, 
autonomic nerves do not end on striated muscle. They 
do end on blood vessels—vessels intimately distributed 
throughout striated muscle fibers. Among the au- 
tonomie nerves which give off acetylcholine is the 
lingual, supplied to the vessels of the tongue. In 
1937 Rosenblueth and Luco recorded the action poten- 
tials of the tongue muscles which had been deprived 
of motor nerves for about a week. Stimulation of the 
lingual nerve induced the appearance of typical action 
currents in the completely denervated muscle fibers. 
Here is a stimulation of muscular units clearly not due 
to electrical transmission, for the nerve stimulated was 
not distributed to the muscle which responded, and, 
furthermore, the latent period (60 msec.) was too 
long for that occurrence. It was a clear instance of a 
contractile response to acetylcholine, liberated by nerve 
impulses, to be sure, but not nerve impulses delivered 
to the contracting fibers. Electrical transmission was 
definitely excluded. Until the electragonists can dis- 
play an instance of electrical transmission without 
acetylcholine at neuromuscular and neuroneuronal 
synapses their argument can not be on the same foot- 
ing as that of the chemagonists. 

Meanwhile they have arduous tasks in explaining 
away the evidence which has repeatedly proved the 
adequacy of the chemical theory of nervous trans- 
mission. 
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LATE in April of this year there was appointed in 
the Division of Anthropology and Psychology of the 
National Research Council a committee to study the 
basic needs of American archeology. This committee 
is composed of W. D. Strong, chairman, Clark Wiss- 
ler, A. V. Kidder, Fay-Cooper Cole, W. C. McKern, 
J. O. Brew and W. 8. Webb. Before undertaking a 
detailed examination of the archeological problems, the 
committee felt that it was best to limit its sphere of 
interests by an analysis of the principles which govern 
the methods and procedures of American archeological 
research. At a meeting late in June a preliminary 
statement of these principles was prepared, upon 
which this article is based. This first report of the 
committee constitutes a declaration of the field of inter- 
est of the committee and indicates the nature of the 
basic needs of American archeology which will be 
studied in its future deliberations. Mimeographed 
copies of this preliminary report may be obtained 
from the Division of Anthropology and Psychology, 
National Research Council, 2101 Constitution Avenue, 
Washington, D. C. 

The aim of American archeology is “to make the 
past live again,” to preserve for posterity the story of 
the rise and spread of early cultures on this continent 
and their influence on white settlement. From such 
studies much can be learned, not only in the field of 
human history, but also of such significant subjects as 
long-continued land utilization, cycles of climatic 
change and the history of important agricultural 
crops. It is obvious that the competent archeologist 
must be completely trained in all aspects of anthropol- 
ogy and historical method, in order to be able to inter- 
pret these data adequately. 

In every part of this country a great deal of exca- 
vation and collecting has been carried on, often by 
untrained persons and without well-defined aims. 
These activities have irrevocably destroyed many pages 
of unwritten American history. 

More recently state and federal projects have been 
inaugurated, in some cases to afford employment, in 
others to rescue prehistoric records in districts about 
to be flooded. Out of these latter efforts, and through 
excavations carried on by universities and other scien- 
tific organizations, much experience and knowledge 
have been gained. These projects are being continued, 
and others are contemplated. It therefore seems urgent 
that this committee of the National Research Council 
set forth in brief form what it believes to be the mini- 
mum requirements for any future work, whether under 
public or private auspices. 
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_ In initiating an archeological research Project, g 
definite need should be shown for the solution of , 
well-defined archeological problem or for the conse, 
vation of prehistoric material placed in jeopardy by 
public works or other agencies, whether natural » 
human. The program of the work should propose , 
comprehensive archeological investigation. The spop. 
soring scientific institution or learned society showjj 
be able to guarantee adequate supervision and fielj 
management, laboratory restoration and study of ma. 
terial, permanent conservation of all materials aj 
records and the publication of a final report. The 
committee suggests it is essential in the ease of qj 
archeological projects sponsored by federal funds that 
the representative of the sponsoring agent should }p 
approved by the Smithsonian Institution, whose na. 
tional character and scientific attainments make it the 
most satisfactory qualifying agent in the country. 
Field operations should be conducted by trained fielj 
men with academic training as well as field experience, 
The general supervision of the field work should insur 
that adequate records be kept and that the work le 
done with a clear comprehension of the problem under 
attack. Naturally a balanced supply of surveying 
instruments, cameras, tools, supplies and storage and 
transportation facilities must be available. The super- 
visory staff must be given time for experimentation, 
rechecking of records and data, and careful completion 
of operations begun, as well as for the preparation of 
a full and complete field report. Time limitations 
should never be permitted to induce rush tactics which 
might promote carelessness or curtail efficiency. 
The laboratory phase of the project should be con- 
ducted by trained laboratory technicians and a sufi. 
ciently large staff to care for field material as rapidly 
as it is acquired. The general supervision of the work 
should insure close cooperation between laboratory and 
field work in order that each may aid the other in the 
solution of the problem. As many allied sciences as 
may be necessary should be brought to bear upon the 
laboratory investigation. 
The methods and techniques used in an archeological 
project are different, of course, in the field and in the 
laboratory. Both phases of the project should be 
under the general direction of a director. The active 
field director should possess a comparative knowledge 
of methods of work and the ability to adjust or revise 
these to suit the particular conditions under which he 
is working. In organizing a field party, specific types 
of work should be placed in the hands of capable men 
under the immediate direction of competent super- 
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os. In order to.secure most efficient service on the 
art of all concerned, it is essential that responsibility 
. vested with corresponding authority. 

In survey work the preparation of maps and charts 
of the primary objectives. An accurate map 


Dject, a ie show the relationship of a site to the natural 
DD of g nd significant cultural environment. The more de- 
COnser. Jed working plan, whether based upon the grid sys- 
irdy by m or other arrangements of reference points and 
Ural gy Byes, should insure accuracy both for the initial sur- 
OPose g e charts and for the vertical and horizontal records. 
€ spon. , so far as possible the site nomenclature should be 
Should , accordance with a statewide plan. 

1d field The methods employed in excavation should be 
of ma. MlMelected to facilitate the clearest perception of the 
Is and rheological phenomena. The soil may be removed 




























~ The peeling, by vertical sectioning, by horizontal strip- 
of all ing in arbitrary levels or by combining these several 
ds that rocedures as dictated by the specific nature of the 
uld be oblems involved and the peculiarities of the site. In 


Se na. cases, work must be conducted in a manner which 


it the romises to disclose all available evidence on formation 
ry. nd structure, and to preserve all data on stratigraphy, 
d field ve, time succession, cultural and historical activities 
“lence, nd cultural processes. 
insure In all field work, whether it be a survey or an exca- 
rk be #ation, complete documentation is essential. The 
under Mmprogress of the work must be fully documented by 
eying Mmeharts and texts. There must be full recording of 
> and inds and associations, preferably by filling out a stand- 
uper- d form to insure complete and comparable informa- 
ition, ion. Finally, there must be well-organized and 
etion ntegrated identifications, including good and complete 
m of photographie records. 
tions The satisfactory application of laboratory methods 
rhich presupposes the existence of a well-equipped labora- 
ory for the storage of materials and for their analysis 
COn- n order to facilitate definition of types, cultural syn- 
uff hesis and broad cultural comparisons. 
idly The many and varied activities of the laboratory 
rork onsist of: the recording, preservation and technical 
and uualysis and study of all tangible materials, including 
the Mephysical anthropological data; the integration and 
as filing of all documentary records; the coordination of 
the @material data with other data to determine culture 
omplexes and relationships, as well as the origin and 
cal levelopment of these cultures; and finally, the prepara- 
the #tion of the manuseript report for publication. 
be All the foregoing activities are nullified unless fol- 


ve lowed by prompt publication. There are several essen- 
ge tial steps in the realization of this final scientific 
se Me bjective. Firstly, the daily notes on excavations, 
he Plans of trenches, lists of finds and photographs should 
es be typed and otherwise recorded from day to day. 
0 This is so essential that the appropriation for each 
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project should provide for the necessary clerical assis- 
tance in the field. 

Secondly, when the record is approved by the arche- 
ologist in charge, three complete copies should be 
made. Where projects are under government auspices, 
one of these should be deposited in the Smithsonian 
Institution. If the sponsoring institution possesses an 
adequate library, the second copy should remain there; 
otherwise, it should be placed in the library of the 
state university. The third may be used as the work- 
ing copy of the archeologist in charge, but ultimately 
should be deposited in some important library. 

Thirdly, adequate arrangements should be made to 
supply the archeologist in charge with time and cler- 
ical and technical assistance for the preparation of 
an adequate final report of the work. It must be 
remembered, in this connection, that the study of 
materials and the preparation of a final report nor- 
mally requires at least as much time as is devoted to 
field work. 

A satisfactory final report should contain at a 
minimum a statement of the problem attacked, a 
deseription of the methods employed, an adequate 
deseriptive and illustrative review of the data and a 
final section containing such interpretations and con- 
clusions as are justified by the data. 

Finally, in establishing any archeological program, 
whether for purely scientific purposes or in conjune- 
tion with problems of state or federal employment, the 
basie need for national conservation must be given 
primary consideration. Not only should each site 
opened be excavated with the greatest care, the mate- 
rial completely studied, and the results fully published, 
but also certain sites in every area should be carefully 
preserved for research in the future as new techniques 
are developed. The fencing, restoration, marking and 
guarding of important prehistoric sites is particularly 
applicable at the present time, permitting as it does 
the use of local labor and the advancement of historical 
interest. 

Such forward-looking activities should extend from 
the National Park Service on the one hand to State 
Historical Societies and municipalities on the other. 
They will advance the growth of national consciousness 
as well as scientific progress, and should receive every 
encouragement. 

It should always be remembered that the number of 
archeological sites in the United States is strictly lim- 
ited, and that once a site has been carelessly excavated 
its value is totally destroyed. These ancient ruins are 
really material documents that comprise the very stuff 
of American history. From them we may learn not 
only the manner in which the New World was origi- 
nally settled and how its strongly individualized and 
truly remarkable civilizations arose, but also determine 
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the history and nature of various important American 
agricultural crops. In addition, the practical problem 
of the sequence and duration of postulated post-glacial 
climatic cycles may only be solved when the archeologi- 
eal record is clear. 

For these and similar reasons, it is the fundamental 
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belief of the Committee on Basie Needs in Amey, 
Archeology of the National Research Coungi 4, 
unless the foregoing minimum requirements of Seip 
tifie archeology can be fully met by any federal, g. 
or local institution, it should not undertake argh, 
logical research. 


OBITUARY 


FLOYD KARKER RICHTMYER 


On November 7 death came without warning to 
Dean Richtmyer of Cornell University. He collapsed 
while preparing to go to a concert with his family, 
and before the doctor arrived he was dead from 
coronary thrombosis. Thus was struck down, in the 
full tide of amazing activity, a prominent figure of the 
Cornell campus and one of the most influential mem- 
bers of several learned societies and institutions. 

Floyd Karker Richtmyer was born on October 12, 
1881, in the rural community of Cobleskill, New York. 
He showed an early interest in scientific research as 
an undergraduate at Cornell University. After grad- 
uation in 1904 he married and taught for two years 
at Drexel Institute, Philadelphia; then he returned to 
Cornell as instructor in physics, and in 1910 was 
awarded the degree of Ph.D. 


In his activities as a graduate student, the main lines 
and characteristics of Richtmyer’s life work are al- 
Stimulated by E. L. Nichols to an in- 
terest in photometry, he presented a paper before the 
Illuminating Engineering Society in which he advo- 
cated more instruction in the subject of illumination 
for engineers and described a new laboratory course 


ready visible. 


in the subject. Thus he showed an early interest both 
in educational problems and in the applied side of 
physies. For the subject of his Ph.D. research, how- 
ever, he chose the photoelectric properties of the alkali 
metals. In this investigation he did the careful, clean- 
cut experimental work for which he possessed an un- 
usual talent; and he also revealed his outstanding char- 
acteristics of looking at a set of data from all angles 
and extracting from them every possible conclusion. 
He was preeminently a man with a passion for doing 
things well; and he saw many things to do. 

From this point, Richtmyer’s career falls naturally 
into three periods. During the first, he taught physics 
for students of engineering and pursued his interests 
in applied optics. In the Illuminating Engineering 
Society we find him on the council and on several 
committees, acting as chairman of a committee on 
education. Furthermore, in 1916 he assisted in the 
organization of the Optical Society of America, and 
throughout his life he contributed greatly to the work 
of that society; he was president in 1920, and for 22 
years he participated in the conduct of the Journal, 
becoming editor in 1933. 


About 1918, however, when he became full profegs 
of physics, Richtmyer began to turn toward othe 
fields. After a brief interlude in the study of 4; 
films he developed an interest in x-rays which y, 
destined to be permanent and to establish him 4; » 
authority in the field. After spending a sabbatic yy 
as “investigator” in the laboratories of the Gen 
Electrie Company, he undertook at Cornell a series ¢ 
well-planned and precisely executed measurements 
topics related to x-ray absorption, the principal resi} 
of which was to establish the law that absorption dy 
to ionization in a given shell in an atom is proportion 
to the cube of the wave-length of the x-rays and to th 
fourth power of the atomic number. Then, in 1927, 
a result of several months in Siegbahn’s laboratory jj 
Uppsala, Sweden, he became interested in the fait 
x-ray lines known as “satellites.” He proposed a ney 
theory concerning the origin of these lines, ascribixg 
them to jumps madée simultaneously by two electrons in 
an ionized atom; and he made a series of experimentd 
studies in an endeavor to support the theory. Late 
he himself recognized, in the light of further develop 
ments, that most of the observed satellites are probably 
due to a mechanism proposed earlier by others, namely, 
to a one-electron jump in a doubly ionized atom; bit 
it is still possible that some of the faintest lines ar 
of his double-jump type. 

Richtmyer’s interest in x-ray research continued 1 
the end. He inspired and supervised a number of it- 
vestigations which did much to clear up the subject 
x-ray line widths and shapes; after 1930, however, th 
actual work was done by others. His enthusiasm ani 
obvious mastery of fact and technique attracted maty 
graduate students into his field, and during many yeas 
he had the help of an assistant. His attainments « 
a scientist were given recognition by his election # 
president of the American Physical Society in 193, 
and as vice-president in charge of section B of the 
American Association for the Advancement of Scient 
in 1930; and in 1932 he was elected to the Nation 
Academy of Sciences (councilor in 1938). 

About 1931 began the third period of Richtmyer’ 
activities, during which most of his time was devote 
to administrative work of wide variety. In that yea! 
he became dean of the graduate schoo! at Cornell. It 
this capacity he strove, with tact and infinite patien, 
for the maintenance of high standards, hampered by 
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. circumstance that he had neither a budget nor 
‘ect control over students’ work. In 1931, also, he 
srticipated in the organization of the American In- 
titute of Physics, and thereafter he contributed greatly 
, its management, as a member of the executive com- 
sittee of the governing board and of several other com- 
vittees. Finally, in the same year he participated in 
he founding of the American Association of Physics 
eachers, Of Which he remained a member of the ex- 
vutive committee and served several years as vice- 
resident (1935, 1936), president (1937, 1938) or as- 
vjiate editor of the Journal. 

In spite of these new responsibilities he continued to 
» active in the American Association of University 
Professors, of which he was vice-president in 1932 and 
933; serving on various committees, he took the lead- 
ng part as chairman of a committee which studied 
he effects of the depression on higher education. As 
ian of the graduate school he was also brought ac- 
ively into the work of the Association of American 
Iniversities; besides membership on several commit- 
es, he acted as chairman of one on foreign student 
problems which did a great deal to improve the lot of 
oreign students in America. In 1938 he was chosen 
o be the first personal permanent secretary of the 
sociation. And, finally, he continued ‘until 1937 to 
share in the work of the National Research Council, 
of which he became a member in 1923; he was chair- 
nan of the division of physical sciences from 1930 to 
1935 and on the fellowship board from 1930 to 1937. 
During later years Richtmyer’s teaching was re- 
stricted to an occasional graduate course and a senior 
ourse of his own devising. The subject-matter of the 
atter he published in 1928 as a book, “Introduction to 
Modern Physics,” in which he surveyed from the ex- 
perimental standpoint the advances of the present cen- 
tury. In this book, as on the lecture platform, he 
showed himself a master of clear and forceful expo- 
sition. He was often invited to lecture on scientific or 
educational topies; during the last two years he gave 
at least 15 lectures on his experiences as a physicist 
accompanying the National Geographic Society-U. S. 
Navy expedition to the South Pacific to observe the 
solar eclipse of 1937. 

Richtmyer was a member of many scientific societies. 
In Sigma Xi he headed a committee on revision of the 
constitution, and from 1924 to 1926 he was president. 
He also took a warm interest in the Cosmopolitan Club 
of Ithaca, doing a great deal to establish this club on a 
sound basis. He seemed to feel surest that here he 
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er’ had, beyond all possibility of dispute, accomplished 
tel (a SC™Mething to benefit mankind. It was characteristic 
eat Ma! him in general that he was always willing to lend 
i Me? Helping hand to others; there are many, within the 
ce, fae ““IVersity and without, who feel a deep personal sense 
by of gratitude toward him for such assistance. This trait 
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and his graciousness as friend and host won him many 
friends, both on and off the campus. His closest 
friends speak of his frankness, sincerity and modesty. 
His going leaves many with a sense of irreparable loss. 

He is survived by his widow, Bernice Davis Richt- 
myer, and three children: Robert D., now instructor in 
physies at Stanford University, Sarah (Mrs. Mann) 
and Lawson E. 


EARLE H. KENNARD 
CORNELL UNIVERSITY 


WILLIAM HENRY BROWN 


WHEN an active and productive man, experienced 
and successful in research, in teaching, in the prepara- 
tion of important texts and in administration, alto- 
gether too rare an association of talents, suddenly and 
unexpectedly dies at the relatively young age of fifty- 
five years, not only his colleagues and associates keenly 
feel his loss but science itself suffers. This statement 
applies preeminently to Dr. William Henry Brown 
of the department of botany, Johns Hopkins Uni- 
versity, whose death occurred in Baltimore on the 
morning of November 9, 1939. 

Dr. Brown’s active and productive career centered 
in the Philippines, for with the exception of one short 
vacation trip to the United States in 1925, he resided 
there continuously for twenty-seven years, a very long 
term of tropical service. Yet his investigations and 
his publications have given him a distinetly wide and 
favorable clientele not only in the Philippines and in 
the United States, but in all parts of the world where 
botany is an established and reeognized field of instrue- 
tion and research. 

Dr. Brown was born in Richmond, Va., on October 
6, 1884, receiving his bachelor’s degree from Richmond 
College in 1906. In the fall of 1906 he entered Johns 
Hopkins University, taking advanced work in botany 
under the late Dr. Dunean §. Johnson. In 1909, after 
Dr. Burton E. Livingston joined the Johns Hopkins 
staff, he became more and more interested in plant 
physiology, and in this year accompanied the latter as 
research assistant to the Desert Laboratory of the 
Carnegie Institution, Tucson, Ariz. As an interim 
appointment he also served as scientific assistant in 
1908 at the United States Fisheries Laboratory at 
Beaufort, N. C. While a graduate student at Johns 
Hopkins University he served as graduate assistant in 
botany, was appointed a fellow in 1909, and, after 
receiving his Ph.D. degree in 1910, was appointed a 
Bruce fellow, a post-Ph.D. fellowship for studies 
planned to be carried on at the Desert Laboratory. In 
the fall of that year, however, he resigned the Bruce 
fellowship to accept an instructorship in plant physiol- 
ogy at Michigan State College. These brief data 
suffice to cover his formative years, but in whatever 
field he worked, technical publications resulted. 
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At about this time it was decided to initiate work 
in plant physiology in the Bureau of Science at 
Manila, and the undersigned made a survey of avail- 
able candidates, the result being the selection of Dr. 
Brown for appointment in the Philippine service. It 
was in Manila, in a decidedly stimulating, even 
although a tropical environment, that Dr. Brown estab- 
lished himself as a productive scientist, for his work 
there added distinctly to the prestige of the small 
group of individuals on whose shoulders fell the 
responsibility of developing and maintaining the scien- 
tific work fostered and supported by the Philippine 
Government. 

It soon became apparent that Dr. Brown’s interests 
were by no means confined to plant physiology, and 
gradually he entered the field of ecology, the result 
being the publication in 1919 of his monographic 
“Vegetation of Philippine Mountains,” based on a 
long, arduous and critical series of field studies in the 
primary forests of Mount Magquiling. He retained his 
Bureau of Science appointment from 1911 to 1923, 
but in this period acted as associate (later professor) 
of botany, in the University of the Philippines from 
1919 to 1924, and as chief of the Division of Investi- 
gations in the Philippine Bureau of Forestry from 
1919 to 1920. 

His teaching experience led him into the text-book 
field, for he soon found that there were no properly 
balanced botanical text-books available for instruction 
in the subject for students resident in the tropics. 
Most texts had previously been prepared by indi- 
viduals familiar from long residence with the vegeta- 
tion of the temperate zone, but with little or no tropi- 
cal experience. The result of Dr. Brown’s efforts here 
was his very excellent “Textbook of General Botany,” 
published in 1925, a text characterized by its balance, 
remarkable for its excellent illustrations and for its 
adaptability to the actual teaching of the subject in 
any climate. Ten years later this was followed by his 
equally excellent and authoritative “Plant Kingdom.” 

With an active and inquiring mind, fully at home 
in several diverse fields of botanical science, ineluding 
plant physiology, ecology, morphology and economic 
botany, for in the latter field Dr. Brown was also a 
productive worker, his actual botanical output was 
limited for the next nine years, from 1924 to 1933, 
for in the former year he was selected to succeed the 
undersigned in the distinctly exacting position as 
director of the Bureau of Science in Manila. Here 
he proved himself as an administrator, his work in- 
volving the general supervision of an enormously wide 
range of subject-matter as well as the editorship of 
the Philippine Journal of Science. In this position 
Dr. Brown’s period of service was longer than that of 
any of his three predecessors, except that of the first 
incumbent, Dr. Paul C. Freer. 
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Retirement from administrative work and froy, ; 
Philippine service in 1933 gave Dr. Brown the ODD 
tunity of devoting practically full time to the ady,,, 
ment of research in the field that now claimeg \ 
attention, that of general morphology, with gpeq, 
reference to the significance of the floral nectaric, 
indicators of broad relationships of the major gry 
of plants. He elected to remain in Manila after \; 
retirement from the government service, where he }, 
access to a wealth of fresh material essential tp 4 
proper prosecution of his special studies. As the wo 
developed he commenced to feel the need of access; 
other than tropical types, and in the latter part g 
1936 correspondence was initiated between hing 
and the late Dr. Duncan S. Johnson, tentative ply 
being then made for him to locate in or near Balting, 
or Washington, where he could have access to amp 
herbarium and library facilities. At the time of } 
Johnson’s death in February, 1937, laboratory spy 
had been made available to Dr. Brown in Johns Hy 
kins University. It was then learned that Dr. Brow 
was about ready to transfer his botanical activitig 
from the Philippines to the United States, whereupm 
he was offered a lectureship in botany at Johns Hy 
kins University. He took up his residence in Bali. 
more in February, 1938, having charge of the botanial 
laboratory and of the botanical garden at the unive 
sity. 

Here in addition to his teaching duties he conew 
trated on his studies of the significance of the fon 
nectaries, having in mind the ultimate production of: 
major work, planned to cover all possible grow 
(families) of flowering plants. His untimely dea 
leaves this culminating task incomplete, although iti 
hoped that ways and means may be devised to contin 
the work. 

Dr. Brown’s botanical interests were unusually wits 
and he fortunately had exceptional opportunities avai: 
able to him through a very long period of service in! 
tropical environment. Taking advantage of the 
opportunities, his published results were uniformly 
excellent, no matter in what field he worked. He wi 
a member of numerous organizations, including tl 
American Ecological, Meteorological and Botanical 
Societies, a fellow of the American Association for tlt 
Advancement of Science and a member of Phi Bet 
Kappa. He married Mary Angus Blythe in Mani, 
on June 3, 1927, who with two sons survive him. Hs 
loss is a serious one to Ameriea and to world botall 


E. D. Merri 


RECENT DEATHS AND MEMORIALS 

Dr. CHARLES SKEELE PaLMER, consulting chemicl 
engineer, inventor of a gasoline-cracking proce] 
that separated mineral oil into gasoline, fuel oil at! 
gas, previously professor of chemistry at the Unive 
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ity of Colorado, died on November 30 at the age of 
jghty-one years. 






ProFEssOR FREDERICK NEWTON WILLSON, emeritus 


aim Pc? 

th - rofessor of descriptive geometry, stereotomy and 
Oeot . . - *. . 
ectaries hnical drawing at Princeton University, died on 


Or grommmvoverber 15. He was eighty-three years old. 
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proressor R. V. WHEELER, professor of fuel tech- 
ology in the University of Sheffield, died on October 
8 at the age of fifty-three years. 


Dr. WILFRED TROTTER, professor of surgery at the 
Mniversity College Hospital Medical School and sur- 
.on to the University College Hospital, London, died 
on November 25 at the age of sixty-seven years. 


A portrait of the late Professor Henry Smith, for- 
nerly dean of the School of Mines of Columbia Uni- 


ENGINEERING EDUCATION 


A report on “Present Status and Trends of Engi- 
neering Education in the United States,” by Dr. 
Dugald C. Jackson, emeritus professor of engineering 
at the Massachusetts Institute of Technology, has been 
ued by the Engineers’ Council for Professional 
Development, with the aid of funds supplied by the 
arnegie Foundation for the Advancement of Teach- 
ng. The report is one of the valuable by-products 


CONCED- 
1€ flor) 


ion ofifmm™mof the task of acerediting curricula in engineering 
grousgmmmundertaken by the Committee on Engineering Schools 
y deaifi™mof the Engineers’ Council for Professional Develop- 
gh it sfmement. 


ontinug Dr. Jackson’s report may be divided roughly into 
four parts. An appendix has been provided by Allen 
W. Horton, Jr., who acted as secretary to the com- 
mittee during the period in which the accrediting pro- 
cedure was developed and put to the test, and the data 
collected. In the early chapters of the report Dr. 
Jackson traces the history of developments that led 
up to the acerediting program, summarizes the well- 
known Mann, Wickenden and Potter reports that have 


played important roles in that development, and 


y wid 
$ avail 
ce int 
these 
formly 


ng the 


‘or the sketches briefly the status of engineering education 
| Bet 2 America in 1939. He next turns his attention to 
fanilt, fim the Committee on Engineering Schools of the Engi- 


_ sf neers’ Council for Professional Development, to the 
otal. Me Procedure it adopted in its task of accrediting cur- 
“a reula and to comments on some of the perplexing 

problems it had to face and the progress of the com- 
mittee’s own thinking and methods that resulted from 


mical J actually coming to grips with these problems. 

‘0Ces Fl The data themselves, which cover 679 curricula in 
| ani 139 institutions, assembled, coordinated and analyzed 
ive 2 the form of tables and charts, with Dr. Jackson’s 
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versity, painted by H. E. Ogden Campbell, was un- 
veiled in the Low Memorial Library on November 27. 


A MEETING dedicated to the memory of Dr. William 
Hallock Park, emeritus professor of medicine in the 
New York University College of Medicine until his 
retirement in 1936 and director of the Bureau of Lab- 
oratories of the New York City Department of 
Health, was held on November 28 at the New York 
Academy of Medicine. The speakers included: Mayor 
La Guardia; Dr. Harry Woodburn Chase, chancellor 
of New York University; Dr. Maleolm Goodridge, 
president of the academy; Dr. Anna W. Williams, 
formerly assistant director of the Health Department 
Bacteriology Laboratories under Dr. Park, and Dr. 
Augustus B. Wadsworth, director of laboratories and 
research for the New York State Department of 
Health. 


SCIENTIFIC EVENTS 


comments, occupy the third portion of the report. 
These data were gathered for the purpose of the ac- 
crediting program, which they usefully served, but 
they constituted a store of information of value to 
engineers and educators, and were so fruitful for the 
improvement of engineering education that the com- 
mittee was able to secure from the Carnegie Founda- 
tion for the Advancement of Teaching the funds nee- 
essary to put them in shape for public use. 

As to the present status, Dr. Jackson provides a 
convenient summary in the following passages quoted 
from the report: 


It is reasonable to say that the majority of the sub- 
stantially one hundred and sixty engineering schools in 
the United States are now in a sound status and are wide- 
awake to improve their effectiveness. The principal de- 
fects in the quality of faculties are perhaps a lack of 
recognition of the unity of learning in science and in 
political economy as applied in engineering, an inade- 
quate espousal of professional ideals as distinguished from 
either craftsmanship or speculative philosophy, a failure 
to impress on all students that a successful engineer’s 
life demands continuous study throughout its length, and 
a failure to dovetail the curricula into political economy 
on one side as thoroughly as they are dovetailed into 
physical science on the other. . . . Part of the onus for 
the defects named may be appropriately laid at the doors 
of administrative officers. ... There is an additional 
fault ... which is the failure to recognize that the 
proper use of research vitalizes all levels of engineering 
education, from the sophomore undergraduate level to the 
most advanced levels, which makes it a requisite and im- 
portant factor in such education. 


THE ALASKA FISHERIES EXPERIMENTAL 
COMMISSION 


Aw Alaska Fisheries Experimental Commission has 
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been organized with an appropriation from the Legis- 
lature of $20,000 for cooperation in the establishment 
of a fishery products laboratory in Alaska. 

The members of the commission are the governor of 
Alaska, Dr. Ernest Gruening; J. W. Mendenhall, of 
Ketchikan, member for industry, and Seton H. 
Thompson, member for the bureau. At a meeting on 
August 20 Governor Troy, who has since resigned, 
was elected chairman and Mr. Mendenhall, secretary. 
It was then decided to enter into a cooperative agree- 
ment with the U. S. Bureau of Fisheries for the opera- 
tion of the laboratory. 

At this meeting it was also decided to establish the 
office of the commission at the laboratory building in 
Ketchikan, when constructed, and Mr. Mendenhall was 
designated as liaison officer with authority to consult 
appropriate officials of the Bureau of Fisheries re- 
garding construction, maintenance and operation. 

A site has been selected on which to construct the 
laboratory, and the sum of $50,000 has been allocated 
for this purpose by the Public Works Administration. 
The building will be approximately 60,000 cubic feet 
in size. 

The laboratory will serve as headquarters for the 
Alaska technical and economic research staff, who will 
conduct studies on the capture, preservation and mar- 
keting of Alaska fishery products. 

In general, it is proposed to conduct research along 
the following lines: 

Improvement of processes and methods of capture, han- 
dling and preserving of species now utilized. 

Development of new methods for processing species now 
utilized. 

Preparation of useful commodities from species not 
utilized. 

The purpose of this work will be to extend the processing 
or fishing season over a longer period of the year. At 
present most of the fishing and packing business is done 
in the summer. 


THE BIOLOGICAL RESEARCH DIVISION OF 
THE EDMUND NILES HUYCK 
PRESERVE 


THE Edmund Niles Huyck Preserve at Rensselaer- 
ville, Albany County, New York, was incorporated in 
1931. The purpose of the preserve, as outlined in the 
certificate of incorporation, is to 


preserve the natural beauty of Rensselaerville Falls, Lake 
Myosotis, Lincoln Pond and the lands around them in the 
town of Rensselaerville; to increase the general knowledge 
and love of nature, particularly that of trees and wildlife, 
by maintaining a demonstration of reforesting and forest 
culture, and by providing means for increasing and pro- 
tecting the birds, wild animals and fish within the bound- 
aries of said land. 


The preserve covers nearly a square mile of diversi- 
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fied habitats. Two lakes, one of eighty ACTS, numer. 
ous streams, dense beech-hemlock stands and arable 
fields provide a diverse attraction for the naturalis 
The elevation is 1,650 feet above sea. As a prelimi 
nary step to the possible establishment of a biologics} 
station on the preserve a study of the biota was made 
during the summers of 1937 and 1938, 

Three fellowships (two of three months each ani 
one for the entire year) have been provided, the ». 
cipients to conduct basie zoological investigations in 
the field of animal behavior or ecology. Donald Gri. 
fin, of Harvard University, and Dr. E. C. Raney, of 
Cornell University, were awarded the 1939 summe, 
fellowships. Dr. Eugene P. Odum, a graduate of th 
University of Illinois, has accepted the post of regi. 
dent naturalist for 1940. 

Members of the Scientific Advisory Committee ap 
Dr. W. J. Hamilton, Jr., chairman; Dr. Lewis 4 
Eldridge; Dr. John R. Greeley; Dr. G. Kingsley 
Noble; Dr. Thomas Ordway and William Vogt. In. 
quiries regarding the Biological Research Division 
should be addressed to W. J. Hamilton, Jr., Cornell 
University, Ithaca, New York. 


AWARDS OF THE ROYAL GEOGRAPHICAL 
SOCIETY 

THERE have already been given in SCIENCE the 

names of those who received the awards of the Royal 

Geographical Society at the annual meeting in Lon- 

don on June 26. The citations made by Field Marshal 

Sir Philip Chetwode, president of the society, follow: 


With the approval of His Majesty, the Founder’s Medal 
has been awarded to Mr. Arthur M. Champion. Mr. Cham- 
pion has spent thirty years in East Africa, largely in the 
administrative service of Kenya. For some years he was 
in administrative charge of the Turkana Province. On his 
appointment, Mr. Champion made it his duty to carry out 
the first systematic survey of the Province on a trigono- 
metrical framework, producing a valuable map in six 
sheets on the scale of 1/250,000. In addition to this he 
investigated the physical geography and geology of the 
area, and more particularly of Teleki’s Voleano and the 
lava fields south of Lake Rudolf. He has communicated 
the results of his work in valuable papers to the society, 
and has recently shown to us the film which he made on 4 
motor journey across Africa from Cape Verde to Nairobi, 
carried out after he had retired from the Colonial Service. 
Mr. Champion has now made his home in Kenya, and we 
look forward to further contributions from him on the 
geography of East Africa. 

His Majesty the King has approved of the award of the 
Patron’s Medal to Professor Hans Ahlmann, of the Uni 
versity of Stockholm, for his exploration and glaciological 
studies in the Arctic. He has specialized in studying the 
work of ice and snow and for this purpose he organized 
and led the two Swedish-Norwegian expeditions to Spits 
bergen in 1931 and 1934, and the Swedish-Icelandic expe 
dition to Vatnajékull in 1936-37. The many importaat 
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scientific monographs resulting from these expeditions 
| nave been noticed from time to time in the Geographical 

Journal, and we have had the pleasure en a former occa- 
sion of hearing a paper by him upon the physical char- 
acteristics of glaciers. Professor Ahlmann’s work has 
stimulated much interest in this important branch of our 
science, and younger explorers and students owe a great 
deal to his encouragement and assistance. He is leaving 
in a few weeks’ time to continue his researches in north- 
east Greenland. 

The Murchison Grant has been awarded by the council 
to Mr. Robert Bentham for his surveys and geological 
investigations in Ellesmere Land. Mr. Bentham first went 
to the Arctic with the Oxford University Exploration 
Club’s Ellesmere Land Expedition in 1934. In 1936 he 
returned by himself to the police post at Craig Harbour, 
Jones Sound, where he spent two years making a plane- 
table survey of southeast Ellesmere Land and in geological 
and archeological work. He also made an extended jour- 
ney to the northwest. 

The Back Grant has been awarded by the council to 
Lieutenant-Commander R. E. D. Ryder, R.N., for his 
captaincy of the Penola and his marine surveys on the 
British Graham Land Expedition. Commander Ryder’s 
achievement in navigating the Penola in high latitudes and 
often in uncharted waters, with a crew which had little 
nautical experience before leaving England, was a fine feat 
of resourceful seamanship. He also took every oppor- 
tunity of extending our hydrographical knowledge of the 
island-strewn waters and coasts of western Graham Land, 
and his surveys have been incorporated in the official 
charts. Commander Ryder being absent on duty, I shall 
ask his father, Colonel Ryder, to accept the award on his 
behalf. 

The Cuthbert Peek Grant has been awarded by the coun- 
cil to Mr. W. V. Lewis for his physiographical studies in 
Great Britain and Iceland. Mr. Lewis, who is university 
demonstrator in geography at Cambridge, has taken part 
in one expedition and led another to Iceland. His interests 
are chiefly in the evolution of glacial features and of shore- 
lines and he had also pursued these studies in Great Brit- 
ain. At various times he has imparted to us the results of 
his observations on Dungeness Foreland, the Chesil Beach 
and elsewhere on the English coast, as well as upon the 
coast of southeast Iceland. 

The council has awarded the Gill Memorial to Mr. J. V. 
Harrison for many years’ exploration in Central and South 
America and southern Iran. Mr. Harrison, who is a geolo- 
gist by training, saw active service during the war with 
the Royal Engineers in Mesopotamia. Since then he has 
been engaged on topographical and geological surveys in 
Iran, Mexico, Venezuela, Colombia, Honduras and the 
West Indies. In particular he has described to the society 
his journeys and surveys of the mountainous and inhos- 
Pitable Bakhtiari and Kuhgalu country in southwestern 
Tran, formerly difficult of access to travelers and unsur- 
veyed, the homes of restless tribes. Mr. Harrison’s work 
has not only provided us with our first precise knowledge 
of the topography of these regions, but has also contrib- 
uted to the elucidation of some major problems of the 
earth’s structure. He is now at work in the Central Andes 
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of Peru, and I shall ask Dr. G. M. Lees to accept this 
award on his behalf. 


SURVEY OF RESEARCH IN INDUSTRY 


THE appointment of Raymond Stevens, vice-presi- 
dent of Arthur D. Little, Inc., of Cambridge, Mass., as 
director of a nation-wide survey of research in in- 
dustry which is to be started at once, has been an- 
nounced by Dr. Ross G. Harrison, chairman of the 
National Research Council. The announcement fol- 
lowed the first meeting of a special committee held 
at the Engineers’ Club in New York City to formulate 
initial plans. Mr. Stevens has obtained leave of ab- 
sence that will permit him to devote a principal por- 
tion of his time to the survey, the headquarters of 
which will be in the National Research Council Build- 
ing in Washington. He is known as an authority on 
the organization of large-scale research programs, as 
well as the application of research for the solution of 
specific problems in industry. 

In announcing the appointment, Dr. Harrison stated 
that while funds for the work had been made available 
by the National Resources Planning Board, of which 
Frederic A. Delano is chairman, the survey would be 
conducted and the report prepared by the National 
Research Council. This is in accordance with plans 
approved by an advisory committee of leading scien- 
tifie men, industrial research directors and executives, 
of which F. W. Willard, president of the Nassau 
Smelting and Refining Company, New York, is presi- 
dent. The report will be submitted in printed form 
by the council next year and will present “an objective 
study of industrial research as a national resource, as 
a means of aiding in its further development and 
utilization.” 

The National Research Council is composed largely 
of the aceredited representatives of about eighty-five 
national scientific and technical societies. It was estab- 
lished in 1916 at the request of President Woodrow 
Wilson, by the National Academy of Sciences, to co- 
ordinate the research facilities of the country for work 
on war problems involving scientific knowledge. An 
executive order by President Wilson in May, 1918, 
complimented the National Academy and the National 
Research Council on war services and requested that 
the academy perpetuate the National Research Council 
with six peace-time objectives: to stimulate research in 
natural sciences for national defense and public wel- 
fare; to survey larger possibilities and formulate com- 
prehensive research projects; to promote cooperation 
in research at home and abroad; to promote active eo- 
operation with War and Navy Departments and civil 
branches of the government; to direct attention of sci- 
entific workers to war problems and to make available 
scientific information at home and abroad in coopera- 
tion with other agencies. 
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SCIENTIFIC NOTES AND NEWS 


Dr. JULIAN HUXxLey, secretary of the Zoological 
Society, London, was the guest of honor on December 
2 at a dinner arranged by the Smithsonian Institu- 
tion, the American Association for the Advancement 
of Science and The Scientific Monthly. Dr. Forest 
Ray Moulton, permanent secretary of the association, 
presided. Remarks were made by a representative 
of the Marquis of Lothian, the British Ambassador, 
who was unable to be present, and by Dr. Charles G. 
Abbot, secretary of the Smithsonian Institution. Dr. 
Isaiah Bowman, president of the Johns Hopkins Uni- 
versity, introduced Dr. Huxley, whose address was 
entitled “Science, Social and Unsocial.” 


DonaLp Wiis Doveuas, president of the Douglas 
Aireraft Company, Santa Monica, Calif., has been 
awarded by the Institute of the Aeronautical Sciences 
the Daniel Guggenheim Medal for 1939 “for out- 
standing contributions to the design and construction 
of transport airplanes.” 


Tue Lamme Medal of the Ohio State University 
was presented to Thomas Alvin Boyd, since 1923 
head of the fuel department of General Motors Re- 
search Laboratories, who was the eodiscoverer of 
anti-knock effects of liquid lead compounds, at a 
dinner of the fourth annual Industrial Research 


Conference. 


FREDERICK SKENE, who for eighteen years has been 
dean of the School of Technology of the College of 
the City of New York, was the guest of honor at a 
reception by the Engineering Alumni on November 
29 at the City College Club. 


Francois P. GARVAN, JR., has been elected president 
of the Chemical Foundation, an office held by his 
father, the late Francis P. Garvan, from the forma- 
tion of the foundation until his death in 1937. George 
J. Corbett was elected vice-president; William M. 
Buffum, treasurer, and Edward J. Muhs, secretary. 


CrrtiricaTes of honorary membership in the Amer- 
ican Society of Mechanical Engineers were presented 
at the sixtieth annual meeting, which opened in 
Philadelphia on December 4, to Dexter Simpson 
Kimball, dean-emeritus of the College of Engineer- 
ing, Cornell University; to Edwin Jay Prindle, re- 
tired patent attorney and mechanical engineer, East 
Orange, N. J.; to Charles T, Main, industrial engi- 
neer and expert on power and textile plants, Boston, 
Mass., and to Henry Hague Vaughan, consulting en- 
gineer and president of the Canadian Foreign Invest- 
ment Corporation, Montreal, Canada. 


Dr. Witper PENFIELD, director of the Montreal 
Neurological Institute and professor of neurology at 
McGill University, has been elected president of the 
Royal College of Physicians and Surgeons of Canada. 


THE degree of doctor, honoris causa, has been en. 
ferred by the faculty of medicine of the University 
of Bordeaux on Dr. Constantin Daniel, professor ¢s 
obstetrics and gynecology at the University of Buchs. 
rest. The diploma and the insignia were handeg to 
him in the presence of the deans of the University 
and of prominent citizens. 


Dr. Nacamicui Kuropa, an authority on the bir 
of Japan and eastern Asia, has succeeded to the tith 
of Marquis Kuroda previously held by his father, wh 
died last August at the age of seventy-two years, 


AccorDING to the Australian Journal of Science, the 
title of emeritus professor has been conferred by th: 
senate of the University of Sydney on Dr. J. Douglas 
Stewart, who recently retired from the chair of yeter. 
inary science at the university. Professor Stewar 
was the first professor of veterinary science at Sydney, 
and served for thirty years as dean of the faculty, 


Dr. W. ALBERT Noyes, JR., has been appointed heaj 
of the department of chemistry of the University of 
Rochester. He succeeds Professor Victor J. Chan- 
bers, who has become professor emeritus. 


Dr. Harry Stack SULLIVAN, chairman of the fac. 
ulty of the Washington School of Psychiatry, has been 
appointed professor of psychiatry and director of the 
department of psychiatry and neurology at the George. 
town University School of Medicine. He succeeds the 
late Dr. Daniel Perey Hickling, who was a member of 
the faculty for more than forty years. | 


Industrial and Engineering Chemistry reports that 
Jules Bebie, for a number of years director of resear¢h 
at the Monsanto Chemical Company, has been ap- 
pointed lecturer in chemical engineering at Washing- 
ton University, St. Louis. 


Erwin H. Amick has resigned his position with 
the Standard Oil Development Company to become a 
assistant professor in chemical engineering at the Un- 
versity of Pennsylvania. 


Sm Rosert Ketxy, from 1922 to 1939 professor of 
surgery at the University of Liverpool, pas retired with 
the title emeritus. 


Dr. RicHARD VAN DER Rist Woo..ey has been aj- 
pointed director of the Commonwealth Solar Observ:- 
tory at Mount Stromlo, Australia. Dr. Woolley was 
chief assistant at the Royal Observatory, Greenwich, 
from 1933 to 1937, and since then has been John Couch 
Adams astronomer in the University of Cambridge? 
He has been editor of The Observatory since 1933. 


Dr. Evmer 0. Krarmer, formerly connected with 
the Experimental Station of E. I. du Pont de Nemours 
and Company, has recently returned from Europe, 
where he spent a year as fellow of the Lalor Fou 
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dation, continuing his researches on the sizes and 
shapes of giant molecules with Professor The Svedberg 
at the University of Upsala, Sweden. Dr. Kraemer 
;, now associated with the Biochemical Research Foun- 
dation of the Franklin Institute in Philadelphia. 


Dr. CHARLES O. WARREN, JR., instructor in physi- 
logy at Cornell University Medical College, has been 
awarded a grant from the Committee on Scientific 
Research of the American Medical Association for the 
continuation of studies on the metabolism of bone 
marrow. A renewal has been made of the grant of 
last year to Dr. Joseph H. Roe, professor of biochem- 
istry in the School of Medicine of the George Wash- 
ington University, in support of the continuance of his 
work on methods for the determination of ascorbic 
acid and of a study of the effect of vitamin C upon 
gastrie function. 


Dr. InvinE McQuarrig, head of the department of 
pediatries at the Medical School of the University of 


| Minnesota, has leave of absenge. He plans to spend 


six months as visiting professor of pediatrics at the 
Peiping Union Medical College. He will leave for 
China early in January. 


AccorpInc to The Harvard Alumni Bulletin, Dr. 
Lewis W. Hackett, who represents the International 
Health Division of the Rockefeller Foundation in the 
Mediterranean region, has moved from Rome to Egypt. 
His address after January 30 will be the Public Health 
Laboratories, Cairo. 


HarLan B. Houtmes returned to the service of the 
Bureau of Fisheries in October after a four-year 
period of detail to the War Department, during which 
time he designed the fishways at Bonneville Dam and 
supervised the initial period of their operation. Mr. 
Holmes now assumes charge of the recently estab- 
lished Hydraulies Section of the Division of Scientific 
Inquiry. Associated with Mr. Holmes in the Hy- 
draulies Seetion is O. W. Lindgren, associate hy- 
draulie engineer, who has recently been engaged in 
directing the installation of screens at various fed- 
eral irrigation projects in the Northwest. 


Dr. Wittiam M. Mann, director of the National 
Zoological Park, Washington, D. C., lectured on No- 
vember 30 to an audience numbering over eight hun- 
dred before the Laneaster Branch of the American 
Association for the Advancement of Science. He 
deseribed the work aceomplished by the National Geo- 
graphie Society-Smithsonian Expedition of 1937 in 
the Dutch East Indies. 


Proressor DovuG.as JoHNsON, of Columbia Univer- 
sity, gave an illustrated lecture on “The Physical His- 
tory of the Grand Canyon District” before the stu- 
dents and faculty of the Connecticut College on 
October 31. On December 7 he addressed the Geology 
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Society of the College of the City of New York on 
“The Supposed Meteorite Craters of the Carolina 
Coast.” 


Dr. F. F. Norv, of Fordham University, editor of 
Ergebnisse der Enzymforschung, lectured under the 
auspices of the Research Council at the Iowa State 
College on November 27 and 28, on “Low Tempera- 
ture and Its Relation tu Colloid Chemistry” and on 
“The Enzyme System of Fusaria and Its Action.” 
At a meeting of Sigma Xi he spoke on “The Modern 
Concepts of the Mechanism of Alcoholic Fermen- 
tation.” 


Dr. GeorGE JOBBERNS, head of the department of 
geography of the Canterbury University College, 
Christehureh, New Zealand, is a visiting scholar in 
geomorphology at Columbia University during the 
current semester. In November he delivered a course 
of four illustrated lectures on “The Geology of New 
Zealand,” under the auspices of the department of 
geology. On November 28 he gave an illustrated lee- 
ture on New Zealand Landscapes, under the auspices 
of the Columbia Institute of Arts and Sciences. 


THE Croonian lecture of the Royal Society was de- 
livered by Professor J. Gray at the department of 
zoology of the University of Cambridge on Novem- 
ber 16. His subject was “The Aspects of Animal 
Locomotion.” 


ACCORDING to The Fisheries Service Bulletin, Leo D. 
Sturgeon, Foreign Service Officer of the Department 
of State on detail in the department, has been as- 
signed to serve as assistant to Counselor R. Walton 
Moore. The primary duty of Mr. Sturgeon is to as- 
sist in the formulation of policy and in the coordina- 
tion of action in the State Department on interna- 
tional aspects of fishery matters. This will involve 
the study and handling of problems concerning meth- 
ods of regulating the fisheries and the formulation of 
arrangements for the conservation of international 
fisheries of concern to American interests. Mr. Stur- 
geon will act as liaison officer between the Department 
of State and other government agencies. 


THE Journal of the American Medical Association 
reports that members of the state board of examiners 
in the basic sciences for Florida include the following 
recently appointed by the governor: Dr. Mark Wirth 
Emmel, professor of veterinary science, University of 
Florida, chairman ; Dr. John Ferguson Conn, professor 
of chemistry, the John B. Stetson University, secre- 
tary; Dr. Ezda May Deviney, professor of zoology, 
Florida State College for Women; Dr. Jay F. W. 
Pearson, professor of zoology, University of Miami, 
and Dr. Donald D. Bodé, professor of chemistry, 
Tampa University. 


Dr. A. O. WezssE, professor of zoology in the Uni- 
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versity of Oklahoma, was elected president of the 
board of directors of the newly incorporated Grass- 
land Research Foundation at a meeting held in Nor- 
man, Okla., on November 7. Other officers are G. W. 
Goldsmith, professor of botany at the University of 
Texas, and V. E. Shelford, professor of zoology at the 
University of Illinois, vice-presidents; J. M. Aikman, 
professor of botany at Iowa State College, secretary; 
and Mrs. M. W. Shackleford, professor of biology at 
the Oklahoma College for Women, treasurer. Incor- 
poration of the group has been completed under the 
laws of Oklahoma. Membership, however, includes 
those living in the grassland area as far distant from 
Oklahoma as Saskatchewan, Oregon, Arizona, Texas 
and Illinois. A meeting of the corporation will be 
held in Columbus, Ohio, during the Christmas vaca- 
tion, as part of the meeting of the American Asso- 
ciation for the Advancement of Science. The Grass- 
land Research Foundation is the outcome of the work 
of the committee on ecology of the grasslands of the 
National Research Council. 


For the positions in the Bureau of Animal Indus- 
try, Department of Agriculture, of protozoologist at 
a salary of $3,800 a year, of associate protozoologist 
at a salary of $3,200 a year and assistant protozoolo- 
gist at a salary of $2,600 a year, applications must 
be on file with the U. S. Civil Service Commission at 
Washington, D. C., not later than January 2. Vacan- 
cies in positions requiring similar qualifications will be 
filled from these examinations, unless it is found in the 
interest of the service to fill any vacancy by reinstate- 
ment, transfer or promotion. The salaries named 
above are subject to a deduction of 34 per cent. toward 
a retirement annuity. Separate lists of eligibles will 
be established in each of the above grades in: (1) 
Coccidiosis; (2) parasitic protozoa of the blood; (3) 
general parasitic protozoa. Permanent employees in 
the classified service will, upon earning a passing 
mark in these examinations, have their names placed 
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upon a separate list of eligible government employees 
which list may be certified separately to fil] appro. 
priate vacancies in accordance with the Civil-seryiy 
rules. 


Dr. ERNEST CARROLL Faust, secretary of the Ame. 
ican Academy of Tropical Medicine, reports that th 
sixth annual session of the academy was held in ep, 
junction with the American Society of Tropical Me. 
cine meeting with the Southern Medical Association 
Memphis, Tenn., on November 23. The president 
address was delivered by Dr. W. W. Cort, of the Johys 
Hopkins University, on the subject “Research on Hel. 
minth Diseases and Public Health Progress.” 1), 
second presentation of the Theobald Smith Gold Med 
of the George Washington University for distinguish 
work in tropical medicine was presented by Dr. Alfred 
C. Reed, of the University of California, for the acai. 
emy, to Dr. Richard P. Strong, of the Harvard Medic) 
School. At the business session of the academy, the 
officers elected were: Admiral Charles S. Butler, presi. 
dent; Dr. Marshall A. Barber, vice-president; Dr, 
Ernest Carroll Faust, secretary; Dr. Thomas 1. 
Mackie, treasurer; Colonel George R. Callender, cour. 
cillor. Five new members were elected, and Dr. L. 0), 
Howard, member, was elected to honorary member. 
ship. It was voted to hold the seventh annual session 
of the academy with the American Society of Tropical 
Medicine at Louisville, Ky., in November, 1940. 


AccorpDiInG to the Journal of the American Meii- 
cal Association, the Milwaukee Academy of Medicine 
and the Marquette University School of Medici 
have consolidated their medical libraries, forming : 
collection of 34,000 volumes. Dr. Irving S. Cutter, 
dean of Northwestern University Medical School, 
Chicago, was the speaker at the ceremony inaugurat- 
ing the new library on October 17. Facilities hav 
been enlarged at the university to receive the acat- 
emy’s library, the most important part of which is the 
collection of the late Dr. Horace Manchester Brown. 


DISCUSSION 


HEAVY WATER AND LONGEVITY 


THE suggestion by Barnes’ that deuterium oxide 
would be found to retard life processes, thus favoring 
longevity, was predicated upon the lower energy con- 
tent of deuterium as compared with hydrogen. 

The undersigned? have shown, during the past sum- 
mer, that heavy water retards four chief growth activi- 
ties of obelia geniculata. This is a sessile marine 
animal living in colonies of a few millimeters length. 
Forty-six experiments on 27,000 animals were made 


17, C. Barnes, Jour. Am. Chem. Soc., 55: 4332-4333, 


1933. 
2¥F. S. Hammett and H. G. Barbour, Growth, 3: 4, 


1939. 





with concentrations up to 10 per cent. D,0. The 
results accord with the general trend of observations 
by others on the growth of various low forms of life’ 
and can best be interpreted on the assumption thal 
deuterium oxide blocks anabolism. Since the evidence 
concerning regressive and senile stages of obelia al 
favors retardation rather than acceleration by D.,°; 
the prolongation of individual existence in these atl 
mals appears established. 

While our results, as far as they go, fulfill the pre 
diction of Barnes, they do not contribute convincing! 


8 See reviews: S. L. Meyer, Jour. Tenn. Acad. Sci., 10: 
111-115, 1935; H. G. Barbour, Yale Jour. Biol. Med, 9: 
551-565, 1937; C. B. Davenport, Ann. Rev. Physiol. !: 
81-108, 1939. 








MBER 8, 1939 



















ECE 





to the question of mammalian longevity. The retard- 
ing effects of D,O on the growth of mice bearing tumor 
transplants were demonstrated by Barbour and Allen.‘ 
One fifth saturation with deuterium oxide retarded the 
growth of both tumors and hosts, the latter showing 
gorter survival periods than the H,O controls. A 
number of other mice have for several months toler- 
ated one fifth saturation with D,O, without evidence 
for enhanced longevity. 

More significant is the fact that while the obelia 
offers evidence for deereased catabolism in low forms 
of animal life, mammals respond to one fifth saturation 
of deuterium oxide by catabolic stimulation persisting 
for many days.° Such difference in mammals may be 
attributable to checks and balances acquired in their 
phylogenetic development, as are, for example, pro- 
vided by the elaboration of hormones. Now, deuterium 
oxide, presumably by providing a slow-acting form of 
hydrogen, protects and “prolongs the life” of at least 
two of these unstable hormones, namely, epinephrine® 
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ee and acetyleholine.? The first of these has been found 
, ‘ ° . . 
i 7 responsible for the metabolic increases, up to + 20 per 
coun. Mt» Which tend to make the mice “live faster” rather 
L. 0. than slower. : 
falas Therefore, although deuterium oxide retards growth 
assion Md anabolism and in toxic concentrations even delays 
piel catabolism in all forms of life so far examined, it is 
not to be expected that mammals enjoying the luxury 
_ Hof partial saturation with this substance will exhibit 
Met enhanced longevity. 
~ H. G. BarBour 
YALE UNIVERSITY 
ng a ScHOOL OF MEDICINE 
atte, F. S. Hammerr 
hool, LANKENAU HOospPIrTaL 
urat- RESEARCH INSTITUTE, 
have NortH TRURO, MAss. 
ead: 


5 the HEPARIN AND BLOOD CLOTTING 


Wh, THERE recently appeared an article in which 
Astrup' confirmed our observation? that normal 
plasma contains an unknown factor, which, in econ- 
junction with heparin, blocks the transformation of 

The #@ Prothrombin into thrombin. Both his work and ours 

ious MM showed that heparin alone has little or no effeet in 

life’ PMP blocking this reaetion—a finding which conforms to 
that MB the earlier experiments of Mellanby? and Quick.* 


me *H. G. Barbour and E. Allen, Am. Jour. Cancer, 32: 
also 440-446, 1938, 

°H. G. Barbour and L. E. Rice, Jour. Pharm. Exp. 
Therap., 62: 292-300, 1938. 

oH, G. Barbour, Internat. Physiologen-Kongr., 16, 
Zurich, 1938, Kongressber., pt. 2, 34-35. 
wre. . ‘H. G. Barbour and V. ©. Dickerson, Jour. Pharm. Exp. 
' herap., 65: 281-286, 1939. 
6 'T. Astrup, Science, 90: 36, 1939. 
10: *K. M. Brinkhous, H. P. Smith, E. D. Warner and 
g: - H. Seegers, Am. Jour. Physiol., 125: 683, 1939. 
I: 8J, Mellanby, Proc. Roy. Soc. B., 116: 1, 1934. 
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However, in mixtures containing both the plasma fac- 
tor and heparin, our work and that of Astrup showed 
that marked inhibition of thrombin formation results. 
In a recent note in this column, Ferguson discussed 
these results, and indicated, erroneously, we believe, 
that Howell and Holt’s® original work had brought 
out all these same facts. It is true that they did find 
that the destruction of thrombin by heparin requires 
a plasma factor (“pro-antithrombin”), but they be- 
lieved that heparin interfered directly with the con- 
version of prothrombin into thrombin (antipro- 
thrombie action of heparin). Our work and that of 
Astrup has brought out the new concept that a plasma 
factor is needed for this inhibitory action of heparin. 
Although we have suggested that this new plasma 
factor and the pro-antithrombin of Howell may be 
identical chemically, as yet no data are available on 
this point and the question must be left for future 
work. 
K. M. BrinKHovs 
H. P. Samira, Jr. 
EK. D. WARNER 
W. H. SEEGERS 
DEPARTMENT OF PATHOLOGY, 
STATE UNIVERSITY OF IOWA 


MASTODON REMAINS FOUND IN WEST 
VIRGINIA 

On Monday, October 9, there was brought to the 
biological laboratories of Bethany College the proximal 
portion of a long bone, too large to be that of any local 
domesticated animal. This bone fragment had been un- 
covered and picked up by a Mr. Funk, the operator of 
a steam shovel engaged in stripping coal about two 
miles west of Bethany, W. Va., in Brooke County, on 
a tract of land known as the Pendleton Farm and 
owned by a Mr. Petzol, of Hollidays Cove, W. Va. 

The undersigned went immediately to the stripping 
operation and there found a number of other fossilized 
bones, as well as a portion of a tooth. These materials 
were removed to the biological laboratories of Bethany 
College. Dr. Leroy Kaye, paleontologist of the Car- 
negie Museum, Pittsburgh, Pa., was ealled into con- 
sultation and it was agreed that these were parts of a 
skeleton of the American mastodon. 

The skeleton remains were found in a deposit of 
blue elay about 18 feet below the surface. This layer 
of clay was 6’ 3” in thickness. It was probably a 
Pleistocene deposit. This layer contained an abun- 
dance of Gasteropod and Pelecypod fossils, as well as 
numerous pieces of fossilized wood. Overlying this 
was another layer of yellow clay of a gravelly nature, 





4A. J. Quick, Proc. Soc. Exp. Biol. and Med., 35: 391, 
1936. 

5 J. H. Ferguson, ScreNcE, 90: 272, 1939. 

6 W. H. Howell and E. Holt, Am. Jour. Physiol., 47: 
328, 1918. 
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approximately 11’ 6” in thickness; both overlay a thick 
stratum of shale above a vein of Pittsburgh coal. 

A study of the geology of the region revealed that 
in the geological past the bed of clay formed the bottom 
of an ancient stream bed. Fortunately the mining 
operations cut across the strata, thus revealing the geo- 
logical history quite definitely. 

The portions of the skeleton recovered thus far con- 
sist of the heads of both femurs, the proximal end of 
the humerus, a practically complete right scapula, a 
number of foot and toe bones, together with portions 
of the vertebra. A number of other bony fragments 
are in the laboratories and will be assembled later. 

Two large fragments of a molar were found and 
these have been fitted together. The figuration of the 
tooth and the marks established the identity of this 
animal definitely as a mastodon. 

To the best of our knowledge this is the first report 
of the finding of mastodon remains in this section of 
the State of West Virginia. Thirty-seven years ago a 
portion of a tusk was found in a gravel pit near Bril- 
liant, Ohio, eight miles west of Bethany, W. Va., on 
the west bank of the Ohio River. 

It is planned to continue the search in the region of 
the original find and make a more detailed report at a 


later date. 
W. J. SUMPSTINE 


B. R. WEIMER 


BETHANY COLLEGE (W. VA.) 


BORGMEIER’S REVISTA DE ENTOMOLOGIA. 
AN APPEAL TO ENTOMOLOGISTS 

In the field of entomology, many of us have de- 

pended for years on foreign journals, the channels for 

publication being wholly inadequate in this country. 

I notice, in my ease, that in 1938 nearly half of my 
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papers were published abroad. In the near future 
some of the European periodicals will be completely 
closed to us, while others plan to carry on on a mode 
seale or even to suspend for the duration of hostilitia, 
It seems most opportune to call the entomologisty at. 
tention to a New World publication, which, with the 
proper support of American workers, may well proy 
the ideal solution to our present difficulties. Started 
in 1931, the Revista de Entomologia, of Rio de Janeiry 
is now running through the tenth volume, and has Kept 
up an unequaled standard of excellence. Each of thy 
nine completed volumes covers some 500 pages, ajo. 
quately illustrated with text-figures and _half-toy 
plates. The papers are cosmopolitan in authorship 
(being written in English, German, French, Spanig, 
and Portuguese) and cover practically every phag 
of entomology, theoretical as well as practical. Fac 
issue, of which there are now three to a yearly volume, 
concludes with an extremely valuable critical biblicg. 
raphy of neotropical entomology. This feature alo 
makes the Revista indispensable to all students of (Cen. 
tral and South American insects. From the start, the 
Revista has been conducted as a labor of love by 
Father Thomaz Borgmeier, O.F.M., an entomologist of 
repute in his own field. As most European subscribers 
are likely to drop out at present, it is to be feared 
that the editor will run into some unexpected difficul- 
ties. All American entomologists are urged to rally 
to his support. Beginning next year, Father Bor. 
meier plans to accept for publication papers dealing 
with North American insects also. The editor’s aé- 
dress is Convento S. Antonio, Largo da Carioca, Rio 


de Janeiro, Brazil. 
J. BEQUAERT 


HARVARD MEDICAL SCHOOL, 
Boston, Mass. 


SCIENTIFIC BOOKS 


MEDICAL CLIMATOLOGY 


Medical Climatology. By Cuarence A. Miuus. 296 
pp. Baltimore, Md.: Charles C Thomas. 1939. 
Miuus’s “Medical Climatology” is symptomatie of a 

movement which may become a mighty tide a genera- 

tion hence. For two generations or more biological 
investigation has centered upon the organism itself far 
more than upon its environment. The structure of the 
cell, the mechanism of inheritance, the chemical com- 
position of glandular secretions and the influence of 
bacteria and other internal parasites have engrossed 
attention. As a result not only have the ravages of 
infectious diseases diminished greatly, but new and 
valuable varieties of domestic plants and animals have 
been produced in great numbers. This progress, how- 
ever, has gone hand in hand with comparative neglect 
of the other side of the shield. Our knowledge of how 


the organism is influenced by the external environment 
represented by climate, soil and so forth is still pitt 
fully small. The botanists, to be sure, have recently 
made good progress in ecology, but only the mere 
beginning has been made in studying the ecology 
animals and man. The significance of “Medical Clim 
tology” lies in the fact that it opens up many ne¥ 
lines of approach to the fruitful field of human ec 
ogy. 

The thesis of the book is that two main types of dis 
ease—infectious and degenerative—display opposite 
relations to climate. The basic reason for this, as Mili 
sees it, is that human metabolism varies greatly 
response to weather and climate. Warm and mon0le- 
nous climates lower the rate of metabolism; this 
diminishing people’s power to resist all sorts of infet 
tions. Cold and variable climates increase metabolis™ 
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future JME. making people active, energetic and able to resist 












































npletely ection. Unfortunately, however, this metabolic ac- 
Modest ity places too great a strain upon the vital organs, 
Stilities HME. Jeading to degenerative diseases of the heart, 


ists af, 


neys, nervous system, and so forth. Hence in 
vith the 


n, mild, enervating climates, infectious, parasitic 


l prove vases are especially common, whereas in cool, vari- 
Started 1 and stimulating climates degenerative diseases 
Janeiry dominant. Recent medical progress has greatly 
as kept MM ‘nished the danger from infectious diseases, such 
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tuberculosis, diphtheria, measles, yellow fever and 
laria. It has had little effect, however, upon the 
nerative diseases, and these are increasing as the 
mination of the infectious diseases lengthens the 
an Of life. 

Mills’s thesis is that we fail to conquer the degenera- 
e diseases because we do not recognize that their 
jor cause is the incessant drive of cool, stormy and 
iable climates, which reach their greatest extreme 
the north central United States. The most valuable 
rt of his hook is a series of maps showing that the 
ith rate from a considerable series of diseases in- 


ed by MMB.ses from south to north in the United States, and 

gist of Mies in corresponding fashion according to the cli- 

“te te of other parts of the world. The diseases include 
eared 


betes, goiter, pernicious anemia, leukemia, pneu- 
nia, tuberculosis, appendicitis, arteriosclerosis and 
Suicides and homicides behave in much 
psame way. Most of the diseases show a maximum 
ith rate in winter and a minimum in summer. Mills 
pws that in general the geographical distribution of 
mtality from these diseases is the same for whites 
id Negroes, and also for both rural and urban popu- 
ions. The Negro death rate, to be sure, always ex- 
ls that of the whites, and the urban and rural rates 
y differ. In all eases, however, the variations from 
von to region are similar. 

Mills takes issue with Winslow, Herrington and 
lers who claim that such diseases owe their dis- 
bution mainly to urban conditions and to the in- 
isity of modern industrial life. To the reviewer it 
ms that Miils does not pay enough attention to the 
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ners Mt that even in villages our modern urban and in- 
By MMstrial life is quite highly developed, and that it 
im Hiely has an effect upon health in general and upon 
RRP tabolism in particular. On the other hand, Wins- 
ect My and his coadjutors fail to pay enough attention 
the fact that this kind of life is found only in eli- 
f dis tes that are highly stimulating, and that it would 
ros tbe there to any such degree if the climate were 
Mils lerent, 
ly ™ MAnother important point made by Mills is that in 
nolo MMBny infectious diseases the number of cases is espe- 
this Bly high in the more stimulating climates, but the 
~ aths in proportion to the cases are few. In warmer 


mates, on the contrary, the number of cases is small, 
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but the death rate in proportion to the cases is high. 
His interpretation of this is that although the over- 
stimulation of the cool stormy type of climate leads to 
degeneration of certain organs, its general effect on 
the body is so good that people are often able to over- 
come disease. In warm monotonous climates, on the 
contrary, if people become ill for any cause whatso- 
ever, they have relatively little power of resistance. 
There the number of deaths is high in proportion to the 
cases, although absolutely low. In this connection 
Mills finds that China and, to a less degree, Japan 
behave like tropical countries. Western Europe is 
more like the eastern United States, while the north 
central part of this country is peculiarly subject to 
the stimulus and the diseases induced by low tempera- 
ture and great storminess. 

Here is Mills’s own way of putting his main conelu- 
sion: “Atmospheric turbulence, with sudden changes 
in temperature and barometric pressure, is a factor 
largely responsible for the initiation of infectious 
attacks, particularly in the respiratory and enteric 
systems. But ability to successfully resist the invasion 
seems to depend closely on the energy level engendered 
in the population mass by the stimulation of the cli- 
matic habitat. People living at low levels of energy 
and bodily vigor in regions of moist heat show little 
ability to throw off infections that once gain a foot- 
hold. Fortunately, in most tropical regions of moist 
heat, atmospheric stability is the rule. Only in the 
somewhat limited areas of tropical typhoons is man 
doubly handicapped in his struggle for survival. In 
these regions such infectious (?) diseases as tuberculosis, 
leprosy, acute nephritis and acute appendicitis take 
heavy toll. In the cooler portions of the stormy tem- 
perate regions ability to fight infectious invasions rises 
to much higher levels. There it is that most remark- 
able advances have been made in the fight to lessen 
the infectious disease death rates. But while these 
advances are being recorded, energetic inhabitants of 
these stimulating regions are exhibiting an increasing 
rate of exhaustion and bodily breakdown that pro- 
vides an evil foreboding of what may eventually result 
from the too intensive climatie drive (pp. 161-2).” 

In spite of much that is convincing, “Medical Cli- 
matology” needs greater precision. For example, “in 
Greenland the Norse colonies died out around 1000 
A.D. (page 278).” That is the time when they went 
there. They disappeared four centuries later. Again 
page 256 mentions “a time when Pittsburgh has just 
become adapted to heat more severe than that of 
Texas.” The reader understands that Pittsburgh, 
where the average July temperature is 75°, has a hot- 
ter season than Texas, where the July average at alti- 
tudes under 3,500 feet is 80° to 88°. Mills fails to 
explain that he refers to a particular instance when a 
brief heat wave made Pittsburgh hotter than Texas. 
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Much more important is the author’s uncertain atti- 
tude toward changes in barometric pressure, an atti- 
tude which is prevalent among many others. For 
instance, “Tropical typhoon storms sweeping eastward 
over the West Indies and Caribbean region bring 
added instability during the winter months. These 
latter storms cause little temperature change, but their 
sharp pressure fluctuations seem to bring many of the 
same body disturbances that are associated with tem- 
perate zone storm changes [page 222]. ... There 
is a strong suggestion that the sudden change of 
barometric pressure which accompanies tropical hur- 
ricanes may be just as important a factor in promoting 
many types of infectious diseases as are similar changes 
accompanying temperate zone storms [page 216]. 
Nevertheless, “. . . our knowledge of the physiologic 
effects induced by pressure changes is still far too 
incomplete even to be called evidence. There are 
hints, however, that fluctuations in atmospheric pres- 
sure do result in marked alterations in certain body 
functions, particularly those of the nervous system, 
reflex acts and glandular activity [page 258]. . . . The 
only significant experimental results so far published,” 
however, “are those of Smith, showing a positive water 
balance in the body with pressure reduction and a nega- 
tive balance with pressure increase. Body tissues in 
this respect act as a sponge [page 54].” In spite of 
the searcity of evidence, “. . . Sudden changes in air 
temperature and barometric pressure, as major storm 
disturbances sweep across the continent, seem to be the 
most potent factors predisposing to acute infectious 
attacks [page 123].” 

In many other places changes in atmospheric pres- 
sure from day to day are mentioned as if on a par 
with changes in temperature. Smith’s conclusions, to 
which Mills refers, are based on differences less than 
the probable observational error in one of his two 
experiments, and only a little larger in the other. 
Most writers on this subject take no account of the 
fact that whenever we drive among hills which cause 
our altitude to vary as much as three or four hundred 
feet, we subject ourselves to changes of pressure like 
those in an ordinary storm, but much more sudden. 
Nevertheless, no one is conscious of any effect. Mills 
tells us, however, that “tropical populations living in 
typhoon regions exhibit the world’s most severe tuber- 
culosis problems, ... particularly ... in such ty- 
phoon-afflicted regions as the Philippines .. . the 
West Indies, and parts of Mexico . . . that are bat- 
tered by this type of storm disturbance [page 138].” 
The obvious implication of this last statement and of 
those previously quoted is that the changes in pressure 
accompanying typhoons or hurricanes, especially in 
winter, are a main cause of tuberculosis. This ascribes 
far too much to these tropical disturbances. In the 
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West Indies as a whole, for example, there are oy 
about four hurricanes per year on an average, J), 
one region there are far less. Jamaica, for exgy, 
near the center of the hurricane belt, had only y 
36 years. Moreover, there are few hurricanes ip yj, 
as appears from the following data as to thei 
number in the entire West Indies from 1876 to 1g 


om. ....... . Ap 0 July ..... > O° 
Feb. ...... 0 May ...... 1 Aug. — 85 Nov, _ 
ee 0 Cae a. 8 Sept. ..... 45 Dee. 


Another feature of “Medical Climatology” yj; 
will at least arouse discussion is the map of clin, 
stimulation on page 82. It is based on (1) the dif, 
ence between the maximum and minimum tempera) 
of each day, (2) the difference between the maxing 
successive days, (3) the difference between the minj 
of successive days, and (4) the number of days hay; 
temperatures above 64° and below 38°. From ¢ 
standpoint of ordinary climatology and geography { 
resultant map seems inconclusive. It brings toget 
regions which have little unity from the standpuiy 
of vegetation, health or human activity. The grea 
climatie stimulation is indicated in places as diva 
as (1) the high Andean plateau within the tropics, ( 
the plateau of Tibet, 25° farther north, (3) the plai 
of North America from Nebraska to the Arctic Cir 
and (4) New Zealand. The northeastern Uni 
States, the North Sea region of Europe and a 
area in central Siberia, although reckoned by Mil 
highly stimulating, are placed in a lower catex 
It must be clearly understood, however, that Mills d 
tinguishes sharply between climatic stimulation : 
climatic efficiency. His whole book centers around t 
idea that the climate of some regions is so stimulati 
that its beneficial effect is in part counteracted. 

In spite of these criticisms Mills’s book is of bi 
value. It blazes a pioneer trail in its suggestion th 
the study of climate may be the clue which will 
ultimately to a reduction in metabolic or degenerali 
diseases comparable to that which has taken plac 
infectious diseases. It also contains a number of inie 
esting minor suggestions. For example, the place! 
sanitaria is not where a given disease is most comm 
but where it is rarest because that is where the cli 
helps to eliminate the disease. If all lepers were tak 
to Switzerland, the disease would presumably di 
pear. Again, dental caries increases not ouly in 
south to north in the United States, but as one 
downward in river valleys. In a book where s0 ™! 


new ideas are set forth, the chance for error is ne 


sarily great. On the other hand, the searcher 
fruitful research problems in the rich new field of 
influence of physical environment will find in this 
a perfect mine of valuable suggestions. 


NGTON 
YALE UNIVERSITY ELLSWORTH HUNTI 
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THE BACTERIOSTATIC ACTION OF SUL- 

FANILAMIDE UNDER ANAEROBIC 
CONDITIONS 


\,rouGH the therapeutic use of sulfanilamide and 
‘d compounds has been attended with much clinical 
“ess, the mechanism of their action in overcoming 
‘us infections is still in dispute. The in vitro 
dies of Locke,! Fox and coworkers? and the theoreti- 
deductions of Shaffer* have led many investigators 
assume that sulfanilamide is bacteriostatic only in 
presence of oxygen. Contrary to such claims are 
» important findings of Bliss and Long* who re- 
ted bacteriostasis of streptococci and pneumococci 
jer anaerobie conditions. However, Fox® claimed 
t Bliss and Long had been unable to obtain complete 
robiosis in their experiments and attributed these 
ts to small amounts of oxygen still remaining in 
ir media. 

e wish to report some data which completely sub- 
ntiate the claim of Bliss and Long that sulfanil- 
ide may be bacteriostatic under anaerobic condi- 
ns. During the course of some experiments designed 
test the validity of the reduction potential theory of 
after and of the anti-catalase hypothesis of Locke, 
have had occasion to examine the effects of 
anilamide on the growth of EZ. coli. This was done 
imarily because the respiratory mechanisms and nu- 
ional requirements of this organism are better 
erstood than are those of the coccus group and 
“use it has been pointed out® that EH. coli is an 
elent test organism for the accumulation of hydro- 
h peroxide. 

Sulfanilamide produces, under given circumstances, 
ked bacteriostasis in cultures of EF. coli. Thus, in 
linary meat extract broth, bacteriostasis is observed 
ler aerobic but not under anaerobic conditions. On 
tother hand, in broth containing 1 per cent. glucose, 
anilamide produces but little effect. It might be 
imed that this protective action of glucose is attrib- 
ible to its powerful reducing properties. Such does 
i appear to be the ease, however. Both cysteine and 
orbic acid, powerful reducing agents themselves, 
to protect against the sulfanilamide bacteriostasis. 
thermore, as will be reported in another paper, 
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7 etme E. R. Main and R. R. Mellon, SciENcE, 88: 

’C. L. Fox, B. German and ©. A. Janeway, Proc. Soe. 

neti? Biol. Med., 40: 184, 1939. 

. BP, A. Shaffer, Science, 89: 547, 1939. 

tf E. Bliss and P. Long, Proc. Third Internat. Microbiol. 

D 9, New York, 1939. 

DPC. L. Fox, Proc. Third Internat. Microbiol. Cong., 
Ww York, 1939, 
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glucose does not protect against the activity of sulfanil- 
amide towards LE. coli in certain other media. 

It appears more probable that the protective action 
of glucose is based on its ability to supply to the cell 
a source of food and energy that is unaffected by the 
presence of sulfanilamide. F. coli, when growing in 
nutrient broth, depends on the various constituents of 
this medium for its supply of food materials, and if 
sulfanilamide, for any reason whatsoever, prevents the 
assimilation of various of these the growth of the cells 
will be adversely affected. On the other hand, if an- 
other substance (glucose) assimilable in nutrient broth 
even in the presence of sulfanilamide is added to the 
basal medium, growth will not be affected to any notice- 
able degree provided that such a substance can supply 
energy sufficient to permit growth to the same degree 
as do the constituents of the basal medium. 

The proposition that sulfanilamide inhibits the 
mechanisms which enable the organism to grow aerobi- 
cally at the expense of the constituents of nutrient 
broth finds some support in the following facts (Table 
I). J. coli grows well aerobically in nutrient broth 


TABLE I 


THE EFFECT OF SULFANILAMIDE ON GROWTH OF E. coli 
IN NUTRIENT BROTHS 








Nutrient broth enriched with 





1 per cent. glucose 











Oxygen 
tension Sulfan- Sulfan- 
ilamide ilamide 
10 mg 10 mg 
per cent. per cent. 
A a eee +++ 444+ + +++ 
ARROTORES 2c cccess +4+4+4+ aes + + 
but only poorly under anaerobic conditions. In the 


presence of oxygen, the energy required for the mulii- 
plication of such a facultative anaerobe as LE. coli is 
obtained simultaneously from two different sourees— 
the one, an aerobic, the other an anaerobic mechanism. 
If sulfanilamide inhibits only the aerobic mechanism, 
the degree of growth in the presence of this chemical 
and oxygen should approximate that obtained in the 
absence of oxygen, and sulfanilamide should have no 
effect under conditions which induce anaerobiosis. 
Such is actually the case. 

Moreover, since the addition of glucose enables the 
organisms to grow luxuriantly both in the presence 
and absence of oxygen, neither type of growth in glu- 
cose broths should be affected by sulfanilamide if the 
latter does not inhibit the assimilation of glucose. The 
results in Table I demonstrate that both aerobie and 
anaerobie growth in glucose broth are the same in the 
presence as in the absence of sulfanilamide. 
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The type of bacteriostasis that has just been de- 
scribed is quite similar to that observed in the case 
of the hemolytic streptococci, since there is in both 
cases the same lag period before the bacteriostatic 
action becomes evident. 

Quite different results were observed when the organ- 
ism was grown in a synthetic medium of the following 
composition : 

4.0 g. (NH,),HPO, 


1.0 g. NaCl 
1.0 g. KH,.PO, 


0.7 g. MgSO, 

Trace FeSO, 

1000 ee. distilled water 
Adjust to pH 7 


As has been demonstrated by Quastel et al.,”7 E. coli 
grows well aerobically in such a medium when 1 per 
cent. lactate is added, but not at all under anaerobic 
conditions. On the other hand, the addition of both 
1 per cent. lactate and 1 per cent. nitrate enables the 
organisms to grow anaerobically as well as aerobically, 
since the cells can utilize the energy obtained from the 
oxidation of lactate by nitrate to multiply in the 
absence of oxygen. 

When sulfanilamide is added to enltures growing 
aerobically in the lactate medium, very little bac- 
teriostasis is evident. The same is true for aerobic 
cultures growing in the lactate-nitrate medium. How- 
ever, anaerobic cultures in the latter medium are mark- 
edly inhibited by the action of sulfanilamide. This, 
then, is an example of a case in which sulfanilamide is 
bacteriostatic in anaerobie but not in aerobic environ- 
ment. 

It is apparent that sulfanilamide prevents the oxida- 
tion of lactate by nitrate and so exerts its effect in 
anaerobic cultures. In this respect its action is similar 
to that of the cyanides (Table II). 


THE EFFECT OF SULFANILAMIDE AND CYANIDES ON THE GROWTH 
oF £. coli IN A SYNTHETIC MEDIUM 








Synthetic medium +1 per cent. Lactate 
enriched with 





1 per cent. nitrate 








Oxygen 
tension Sulfan- Sulfan- 
amide amide 
N CN 
—— un ae 
cent. cent. 
Aerobic .. ++ 44 ++ 44+ 4+ _=s 
Anaerobic. — — — <p nie +++ 





These results are not affected by the various methods 
employed to obtain anaerobiosis, and they have been 
observed under conditions in which the oxygen content 
is so low that it will not affect electrode potentials or 
reoxidize leuco dyes. The following biological criteria 
of anaerobiosis could be obtained under the conditions 


7 J. H. Quastel, M. Stephenson and M. Whetham, Bio- 
chem. Jour., 19: 304, 1925. 
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employed. It is known that E. coli is extremely go, 
tive to oxygen when grown in media Containing ¢ 
nides and certain reversible oxidation-reduetio, 
tems. Furthermore, the growth of H. influencae jn 4 
absence of hemin is inhibited by the slightest trac, 
oxygen in the medium® and our methods of sey, 
anaerobiosis were sufficient to permit the grow 4 
both organisms under the conditions mentioned, ¢, 
tainly, the few molecules of oxygen that remain jy; 
medium are insufficient to produce enough pero; 
“blue substanee’”’?® or oxidized sulfanilamide to o 
bacteriostasis. 

These observations of the differences betwee, ; 
effects of sulfanilamide in the nutrient broths anj 
synthetic media suggest that sulfanilamide selectiy 
inhibits only certain mechanism. It follows tha 
perchance, such mechanisms are either essentia] 
beneficial to multiplication, the growth of the organs 
will be inhibited to a greater or less extent. 

The above results should not necessarily be constry 
to indicate that the theories of Locke, Shaffer and}, 
may not explain the bacteriostasis observed in tj 
under special conditions, but they appear to dem 
strate that such mechanisms can not be the sole a 
concerned. Experiments in this laboratory have} 
us to believe that the bacteriostasis produced by sil 
anilamide and allied compounds can not be attribut 
to any general, non-specific mechanism and that 
efforts to derive knowledge concerning its mode ¢ 
action will be futile unless its effects are examined in 
variety of media under different conditions. 

This work has been carried on with the techni 
assistance of Dan Perry. 
























R. H. Brou-Kany 
COLLEGE OF MEDICINE, 
UNIVERSITY OF CINCINNATI, 
AND THE CINCINNATI GENERAL HOSPITAL 


EFFECT OF NICOTINAMIDE ON RESPI 
TION OF DYSENTERY BACILLI 
Nicotinic acid has been shown to be essential i 
the growth of the dysentery organism on a synth 
medium composed of amino acids, glucose and sill 
Derivatives of nicotinic acid such as the amide, cl 
zyme I and coenzyme II, and other closely related « 
pounds will also funetion as growth factors i 
synthetic medium.? On the other hand, Lwoff # 
Lwoff have shown’ that Hemophilus parainflue 
8 R. H. Broh-Kahn and I. A. Mirsky, op. cit. . 
9T. L. Snyder and R. H. Broh-Kahn, Nature, 142: 1h 
1938. 
100, L. Fox, B. German and C. A. Janeway, op. “tl: | 
1 Koser, Dorfman and Saunders, Proc. Soc. Exp. 5% 
Med., 38: 311-13, 1938. 
2 Dorfman, Koser, Reames, Swingle and Saunders, 14 


Infectious Diseases, 65: 163-82, 1939. 
3 Proc. Roy. Soc., London, B122: 352-9, 1937. 
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needs the entire molecule of coenzyme I or coenzyme II 
.q can not synthesize it from nicotinamide. The 
aysentery organism when grown on a synthetic medium 
‘th nicotinamide can synthesize a compound (or com- 
;unds) identical with or an adequate substitute for 
ue or more Of the coenzymes needed by H. influenzae.” 
By means of the Thiinberg technique, Lwoff and 
wott have shown‘ that H. parainfluenzae cells grown 
,a medium which is deficient in the “V” factor (pre- 
sumably coenzyme I or coenzyme IT) have their respi- 
ation markedly stimulated by the addition of coenzyme 
or coenzyme II to the Thiinberg tubes. A similar 
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tween dtimulation of oxygen uptake could be demonstrated 
hs and jammy means of the Warburg technique. This stimulation 
selectindlmmaisappears When the cells are grown in a medium 
8 that ontaining larger amounts of “V” factor, i.e., the 
sential xddition of coenzymes to the Thiinberg tubes does not 


nerease the respiration. 

We have performed similar experiments in which 
ve used dysentery bacilli grown on a medium con- 
aining suboptimum amounts of nicotinamide. We 
ound that the rate of reduction of methylene blue is 
preatly increased not only by the addition of coenzyme 
I, but also by the addition of nicotinamide or nicotinic 
cid to the Thiinberg tube, as shown by the following 
protocol. This effect of nicotinamide and nicotinic 
acid has not previously been reported for any system. 
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that he cells (Strain D76) were grown 24 hours in syn- 
mode qammtuetic medium containing 0.005y nicotinamide. The 
ned in ells from 100 ee of medium were collected in the cen- 


trifuge and suspended in M/20 buffer (pH 7.4). The 
ells were again centrifuged and suspended in 34 ce 
of buffer. Two ce of this suspension was added to 
each tube. Each tube also contained 0.30 ce of a 2 
per cent. solution of glucose and 0.50 ce of a solution 
f methylene blue containing 100y of methylene blue 
perce. The nicotinamide and nicotinic acid solutions 
ontained 100y per ec. The cozymase solution con- 


echnie 


CAHN 

















PIRA 
ained 300y per ce and was 40 per cent. pure. Smaller 
‘alt quantities of a pure ecozymase preparation from 
e Euler’s laboratory showed the same effect. Water was 
a added to the controls to make the dilution the same in 
‘fy’! cases. The tubes were equilibrated 10 minutes at 
a 37° before tipping. 
"7 TABLE 1 
a "| a 
f a Tube Control 1 2 3 
ni 
. Nicotinamide ....... 0 O15¢ec 0 0 
Nicotinie acid ...... 0 0 0.15 ce 0 
». 154 OSYMASS. ccvccsecces 0 0 0 0.15 ec 
s Time (in see.) ...... 460 170 170 200 
. ieee 
Bil ~=If we consider the ratio of the time of reduction 
id control /nicotinamide, we find that the ratio decreases 


4s the amount of nicotinamide in the medium is in- 
creased until with cells grown in a medium containing 


‘ Ibid., 360-73. 
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0.020 per ce it is about one. Thus at 0.003y, the ratio 
is 3.8; at 0.005y, 2.6; at 0.007y, 1.8; at 0.0107, 1.5; and 
at 0.020y, 1.1. In controls containing nicotinamide, 
etc., but not glucose, reduction was much slower, 600 
seconds or more. In controls which contained cells 
alone the methylene blue was reduced even more slowly 
or not at all. Nicotinamide, nicotinic acid or cozymase 
and glucose gave no reduction of methylene blue in 
the absence of cells. 

The same stimulation of respiration by nicotinamide, 
ete., was found when oxygen uptake was measured by 
the direct Warburg method. It should be emphasized 
that various strains of the dysentery organism differ 
in their nicotinamide requirements. Further work in 
an attempt to elucidate the mechanism of this codehy- 
drogenase action of nicotinamide is in progress in this 
laboratory. 

ALBERT DORFMAN 

Stewart A. Koser 

FE.trx SAUNDERS 
UNIVERSITY OF CHICAGO 


SOMATOPLASTIC STERILITY IN MEDICAGO 
SATIVA! 

THE collapse of ovules during the early stages of 
post-fertilization development frequently occurs in 
alfalfa, particularly after self-pollination.? Histologi- 
cal study shows that the collapse follows abnormal 
growth of the somatic tissue adjacent to the embryo 
sac. Since local hyperplasia of the maternal structures 
appears to be the essential feature of the developmen- 
tal course leading to collapse, the term somatoplastie 
sterility is here proposed for a type of seed failure 
believed to oceur in many plants. 

The reproductive process in angiosperms may fail 
at any stage between fertilization and maturity of the 
seed. The early stages are of critical importance for 
survival of the ovule in alfalfa. Although somato- 
plastic sterility is not necessarily limited to this period, 
it is in young ovules that one would expect it to be 
manifested in simplest form. The case is of interest, 
therefore, as affording a point of departure in defining 
the significant histological features and in discovering 
the cause of-a rather obscure, although probably wide- 
spread, form of sterility in plants. 

The embryo sac in the mature ovule of alfalfa is 
surrounded by two integuments. The inner integu- 
ment, which is composed of two layers of cells, lies in 
direct contact with the embryo sac except at the chala- 
zal end where a few disintegrating cells, remnants of 

1 Papers from the Department of Genetics, Agricul- 
tural Experiment Station, University of Wisconsin No. 
248. The authors desire to express their appreciation for 
financial aid from the University Research Committee and 
be = from WPA project in the Natural Sciences 


Ps Brink and Cooper, Proc. Nat. Acad. Sci., 24: 497-499, 
1938. 





546 


the nucellus, are found. Shortly after fertilization 
active cell division is initiated in the integuments as 
well as in the endosperm mother cell and the zygote. 
The cells of the inner integument divide longitudinally 
so that this tissue normally continues to have two lay- 
ers of cells at the later stages of development. The 
cells adjacent to the endosperm are tapetal-like in 
appearance. 

In material collected 48 to 72 hours after pollination 
in which the collapse of fertile ovules is frequent the 
cytoplasm of the cells immediately adjacent to the 
endosperm becomes finely vacuolate and densely stain- 
ing, and the resemblance to tapetal cells is gradually 
lost. This condition, which makes its first appearance 
on the funicular side of the ovule in the region of the 
vascular bundle, is often seen before any impairment 
of the embryo sac becomes evident. Breakdown of the 
endosperm follows, beginning in the chalazal region 
and progressing toward the embryo. At this stage 
there is extensive meristematic activity in the chalazal 
portion of the inner integument. Through transverse 
division of the cells this tissue may come to be three 
to five layers in thickness. The ovule may continue to 
enlarge for several hours, even after the endosperm has 
broken down, but its growth soon ceases. 

The frequency of collapse of fertile ovules in alfalfa 
is much higher following self-pollination than after 
outcrossing to unrelated plants. In a representative 
experiment involving seven individuals on which the 
two types of matings were made under strictly com- 
parable conditions the average values were 34.4 per 
cent. and 7.1 per cent., respectively, in the interval 
up to 144 hours after pollination.? The relatively high 
survival of ovules containing hybrid, as compared with 
inbred, embryos and endosperms affords a elue to the 
cause of somatoplastiec sterility. 

Fertilization initiates development of the embryo 
and the endosperm and stimulates mitosis in the sur- 
rounding somatic tissue. The ovule, quiescent prior to 
gametic union, suddenly springs into active growth. 
Further development of these structures is largely 
dependent upon food moved in from other parts of the 
plant, the visible reserves immediately at hand in 
alfalfa being very limited in amount and quickly dis- 
appearing after fertilization. The critical factor for 
survival at this stage seems to be the manner in which 
the translocated food is shared between the endosperm, 
on the one hand, and the inner integument, on the 
other. The partition of nutrients appears to depend 
upon the rate of growth inside and outside the embryo 
sac. It may be assumed that the synthetic processes 
are essentially alike in the different tissues concerned, 
and hence, that the same raw materials are in coneur- 
rent demand. Under these conditions of parallel 
growth the available foods will be shared between the 
inner integument and the structures within the embryo 
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sac in proportion to the velocity with which grows 
is occurring in the respective tissues. Continued devel. 
opment of the ovule following fertilization deman,, P 
balance in rate of growth between the endosper 
which is the dominant tissue within the embryo gg 

and the adjacent maternal tissue which will insure 4, 
nourishment of both. If, during early developmen 

the balance is upset by failure of the endospern , 
keep pace with growth in the extensive surround 

tissue the endosperm starves and, eventually, the oy) 
collapses. 

Following hybridization in alfalfa, the rate ¢ 
growth of the endosperm, as measured by the numb 
of nuclei, is found to be significantly higher than afip 
selfing. The two classes of embryos, on the othe 
hand, grow at only slightly different, and much love, 
rates. As mentioned above, only about one fifth » 
many fertile ovules collapse after crossbreeding y 
after selfing. The initial conditions in the ovule oy. 
side the embryo sac being alike in the two cases, j 
seems clear that the higher survival following crossin 
is the result of the more active growth of the hybri 
endosperm. Conversely, following self-fertilizatio, 
the rate of growth of the endosperm is frequently » 
low that the balance soon shifts in favor of the inte 
ment. The hyperplasia we have described then arisy 
causing collapse of the endosperm and, eventually, 


terminating development of the ovule. 
R. A. Brink 


D. C. Coors 
UNIVERSITY OF WISCONSIN 
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